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The following Paper was submitted for discussion, and, on the 
motion of fhe President, the thanks of The Institution were 


accorded to the Authors. 


Paper No. 5020. 


“Royal Docks Approaches Improvement, London.” 


By Duncan Kennepy, M. Inst. C.E., and HuBert EDWARD 
AupineTon, Assoc. M. Inst. C.E. 
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HistroricaL INTRODUCTION. 


THE question of the road access to the “ Royal”’ group of docks and 
surrounding area has been a subject of debate by the various authori- 
ties concerned for the past 30 years. This group comprises the Royal 
Victoria, Royal Albert and King George V. Docks. Nowhere in 
London have the road traffic difficulties been so great as in the 
approach to these docks. The serious delays, with consequent con- 
gestion, to this important industrial traffic were a great loss in time 
and money to the community and reacted adversely on traffic con- 
ditions over a wide area. The scheme dealt with in this Paper was 
planned by the Ministry of Transport to overcome the traffic diffi- 
culties which were referred to above. Before describing it in more 
detail, it may be of interest to refer briefly to the state of affairs 
existing before the new scheme was brought into use. 


The marshes of the river Lee cause a bottle-neck on the east side 
_of London, and in that bottle-neck the whole of the traffic going east 


and west has to be concentrated in order to cross the river Lee at 


= 
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Canning Town. Until the year 1800, the crossing of the river was 
by means of a ferry, which connected with a rough track leading to 
Barking, and from Barking to Tilbury. There was a narrow circui- 
tous route following the northern edge of the marshes, which were 
only penetrated by grazing tracks. Some of these led down into the 
marsh lands which have since become the Silvertown and North 
Woolwich dock areas. The whole country in the area traversed by 
the Barking road was so low-lying and unhealthy that only sheep, 
horses and cattle were supported. 

In 1810 a cast-iron toll-bridge was erected over the river Lee at 
Canning Town, the total width of the bridge between the parapets 
being 28 feet. This bridge was designed by Mr. James Walker, Past- 
President Inst. C.H., and was composed of cast-iron semicircular 
ribbed arches with supporting columns of the same material. The 
approaches to the bridge were very steep, but they were modified at a 
later date and easier gradients were then constructed. 

Several years elapsed before the man in charge of the toll took 
enough money to pay his own wages, and frequently the toll-keeper 
had to accept a pocket-knife or similar article, as the passenger had 
not got the regulation halfpenny. 

As late as 1845 there were only six houses between Plaistow and 
the iron bridge, but the area commenced to develop in 1847, when 
the Victoria Dock road and the North Woolwich road came into 
existence and the North Woolwich Railway was constructed. The 
Royal Victoria Dock was constructed in 1855 by the North Woolwich 
Land Company, which owned all the land in the Silvertown district 
as well as the North Woolwich Railway. The London and St. 
Katharine’s Dock Company, in amalgamation with the Victoria Dock 
Company, opened the Royal Albert Dock in 1880, and the King 
George V Dock was opened in 1921. 

In 1893 a steam tug collided with the old iron bridge over the river 
Lee at Canning Town, and made it unsafe. A new bridge was con- 
structed by order of the London County Council to the designs of the 
late Sir Alexander Binnie, Past-President Inst. C.E., the bridge being 
constructed by the Thames Iron Works. It had a width between 
parapets of 55 feet, with a 35-foot carriageway, and was made up of 
twelve mild-steel ribs having a span of 150 feet over the river Lee. 
The approaches to the bridge on the eastern side had a maximum 
gradient of 1 in 24 with sharp reverse curves, while on the western 
side the maximum gradient was 1 in 27 with equally sharp curves. 

The pavement was of granite setts, and horse-drawn vehicles were 


- often in difficulties owing to the gradients and the lay-out. A high 


proportion of the traffic in this area is still horse-drawn, and the 


- difficulties experienced by horses in negotiating the gradients caused 
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considerable congestion. So frequently was traffic interrupted from 
these causes that special appliances. were held in readiness to assist 
horse-drawn vehicles. This bridge has now been dismantled and ~ 
replaced by a new bridge some 90 yards further to the north, and — 
this work will be described later in the present Paper. 

The figures in Table I of a census of all vehicles from the year 1925 
onwards, passing over the iron bridge during a period of 12 hours 
on one day in each year, illustrate the increase in traffic which has 
taken place. 


TaBLeE I. 
Se eee 

Year. Other vehicles. Trams. Pedal bicycles. Total. 

1925 9,256 541 3,198 12,995 

1926 10,500 595 3,191 14,286 

1927 10,387 621 3,182 14,190 | 
1928 11,954 641 3,457 - 16,052 

1929 12,762 618 3,881 17,261 

1930 12,587 705 2,799 16,041 

1931 13,565 623 3,106 17,294 

1933 14,649 626 4,905 20,180 1 
1935 17,195 623 6,742 24,560 2 

1 Old and new bridges. 2 New bridge only. 


The volume of exports and imports handled at the Royal Victoria, 
Royal Albert and King George V Docks now exceeds 1,000,000 tons 
per annum, and a large part of this tonnage is transported by road, 

while there is, in addition, an increasing road traffic from the 
_ factories and works in the Silvertown area. 

Before the recent improvement was carried out, vehicles proceeding 
eastward from the iron bridge encountered, within a distance of 
200 yards, two obstructive features which permanently impeded the 
flow of traffic, namely, the bridge over the railway at Canning Town 
where a girder projected up into the centre of the roadway, and a 
right-angled junction with the Victoria Dock road (Fig. 1, p.7). The 
Victoria Dock road had a carriageway only 21 feet wide and, at its 
junction with the Barking road, heavy traffic had to swing out 
widely in order to clear the right-angled corner. This narrow width of 
21 feet continued for a distance of some 700 yards to the notorious 
level crossing known as ‘“‘ White Gates,” which was a prolific source 

_ of delay as the entire rail traffic to and from this area of the docks 
passes between these gates. On the adjoining roads the line of wait- 
ing vehicles often extended over 300 yards towards Canning Town, 
and as many as one hundred and thirty vehicles have been counted 
at one time in the queue. Owing to the closing of the gates for the 
passage of trains, the thoroughfare was often completely blocked to 
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Proceeding southward along the old road, and within 600 yards of 
the White Gates level crossing, the swing-bridge was encountered 
across the lock entrance which connects the west end of the Victoria 
Dock with the Thames. This is a single-track bridge, and its 9-foot 
carriageway also carries the single-track goods line which serves the 
south side of the Victoria Dock. The railway track is in use many 
times a day, and when so used road traffic is necessarily held up. 
As many as one hundred and sixty-four vehicles have been counted 
at one time when waiting to pass over this bridge. 

Continuing southwards towards Woolwich Ferry on the North 
Woolwich road, another level crossing over the London and North 
Eastern Railway had to be negotiated at Silvertown station. The 
combined effect on traffic of these adverse conditions at the iron 
bridge, the Canning Town railway bridge, the junction of the Victoria 
Dock road with Barking road, the White Gates level crossing, the 


narrow swing-bridge over the dock-entrance, and the level crossing at 


Silvertown station, was deplorable. From an investigation con- 
ducted over several days on certain lorries which were performing 
their usual journeys in and around the Silvertown area, it was found 
that approximately 35 per cent. of the time occupied by the journeys 
was absorbed in delays which were caused directly or indirectly by 
the obstructions referred to above. This is a very high proportion, 
as the longest individual journey was roughly 44 miles. 

Not only did these obstructions affect vehicular traffic, but they 
_ were a constant source of bad time-keeping by employees engaged in 
the area, while the inadequate road-connections and approaches were 
a serious drag upon commercial enterprise in the district. 

In 1902, the West Ham Corporation appointed a Swing Bridge and 
Level Crossing Committee with the object of endeavouring to procure 
relief from this condition of affairs, and this Committee brought the 
matter prominently before the Royal Commission on Traffic which 
was constituted in 1903. A full investigation was made by the 
Commission, but nothing was done at that date to carry out its 
recommendations. The constitution of the Port of London Authority 
in 1909, as a Public Trust to take over the whole of the London Docks 


from private ownership, again brought into prominence the whole | 


question of the efficiency of the access to the Royal Docks, but no 
action was taken. In 1913 the urgency of the problem was recognized 
by the Read Board, which indicated a grant of £100,000 towards 
the construction of a new Victoria Dock road, the line of which had 
been agreed with the Port of London Authority. The war inter- 
vened, however, and no action was taken. After the war, the matter 
was again taken up by the Ministry of Transport, and, in the 1923- 


1924 Annual Report on the Administration of the Road Fund | 


Soe 
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attention was drawn to the desirability of carrying out an improve- 
ment to the road access to the Royal Docks, and a scheme recom- 
mended. 

The London Traffic Advisory Committee was constituted in 1924 
by the London Traffic Act of that year. The first Chairman of this 
Committee was Sir Henry Maybury, G.B.E., K.C.M.G., C.B., Past- 
President Inst. C.E., and at that time also Director-General of Roads 
at the Ministry of Transport. One of the first duties to which this 
Committee addressed itself was the consideration of a scheme 
for improving the approach to the dock areas. In its First Annual 
Report, 1924-25, it supported an improvement scheme on the 
lines drawn up by the Ministry of Transport. It should be recalled 
at this stage that Part III of the Second Schedule to the London 
Traffic Act, 1924, empowered the London Traffic Advisory Com- 
mittee to formulate proposals for the equitable distribution of the 
cost of any scheme of road development, improvement or extension 
amongst the various road authorities in the London Traffic Area. 
It is of interest to note that the scheme dealt with in this Paper is the 
only one financed under the provisions of that Act. 

The Royal Commission on Cross-River Traffic in London, reporting 
on the 30th November, 1926, strongly supported the scheme recom- 
mended by the London Traffic Advisory Committee, and expressed 
the view that the difficulties of access to the dock area had an 
intimate connection with the problems of cross-river traffic. A 
Joint Bill was finally promoted by the London County Council and 
the West Ham Corporation for the carrying out of the improvement 
scheme, and is known as “ The Royal Victoria and Other Docks 


Approaches (Improvement) Act, 1929.” 


The work was estimated to cost £2,500,000. The Government 
contributed 75 per cent. and the following contributing authorities 
made up the remaining 25 per cent. :— 


London County Council. 

City Corporation. 

Middlesex County Council. 
Essex County Council. 

West Ham County Borough. 
Surrey County Council. 

Kent County Council. 
Buckingham County Council. 
Hertfordshire County Council. 
County Borough of East Ham. 
County Borough of Croydon. 


All of the works lie within the administrative areas of the two 


10 KENNEDY AND ALDINGTON ON 


promoting authorities, namely the London County Council and the 
West Ham County Borough. 

The improvement works fall generally into the following major 
sections : 

(1) A new road from the East India Dock road in the County of 
London to Barking road in West Ham, including a new — 
bridge over the river Lee, improving the gradients and 
the alignment, and providing a wider road than the old 
route. ~ 

(2) A new road from Barking road to North Woolwich road, 
rising on a viaduct over the London and North Eastern — 
Railway Company’s branch line, the Tidal Basin entrance, 
the Port of London Authority’s railway and several 
cross roads. This work eliminates the delays caused by 
the White Gates level crossing and the swing-bridge at 
the entrance to the Tidal Basin, and provides a broad 
road suitable for four lines of traffic. Two spur roads 
branch off from the viaduct to the Royal Victoria Dock. 
Streets which pass under the viaduct are linked up with 
it by low-level roads which run along each side of the 
elevated structure. 

(3) A reinforced-concrete viaduct, known as the Silvertown 
Diversion, carried over the L.N.E. and P.L.A. railways 
near Silvertown station, in order to eliminate the level 
crossing at that point. A spur road from the high level 
gives access to the Royal Albert and King George V 

— Docks. 

(4) The above road-works involved the demolition of many 
buildings, chiefly dwelling-houses of a poor type. Before 
these could be removed, new accommodation had to be 
provided for the occupants, who were estimated to 
number about 3,600, and for this purpose 599 new 
dwellings were erected. This was one of the first 
operations put in hand. 


SpeciaL Conpitions Arrectine Desien. 


While a good deal of the work did not present any unusual features, 
there were, in many cases, circumstances which added considerably 
- to the difficulties, and therefore to the interest, attached to the 
design and execution of the scheme. 

Limited Construction-Depth—In certain of the bridges the con-— 
struction-depth available was very limited, and this called for the 
_ adoption of a variety of types of structures to suit the special 
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conditions of different cases. Any increase in construction-depth 
would have meant either steepening the road gradients or reducing the 
headroom underneath, neither of which was permissible. Reference 
to these bridges is made under the divisions to which they belong. 
Nature of Ground—The general character of the soil in this area 
can be seen from the typical borings shown in Figs. 2, Plate 1. 
The surface strata were often composed of made ground of good 
materials, but underneath were layers of mud, peat and other 
deposits of very poor bearing-quality. In consequence, any load 
above 3 or 4 cwts. per square foot applied generally to the ground- 
surface, as in the case of deposited fill, was liable to cause a distinct 
settlement, rapid in the early stages, and later at a gradually 
decreasing rate. It was therefore necessary to support practically 
all structures on piled foundations, and to carry the viaducts and 
bridge-approaches on piled structures as far down the gradient as 
practicable in order to reduce the depth of fill, and consequently 


the load on the ground. 


Where fill was desired for any reason, or where it was unavoidable, 
hardcore was generally used under the roadway, and ballast (for 
convenience in laying mains) under the footways, consolidation being 
effected by rolling each 2-foot layer with a 10-ton roller. It should 


_ be explained here that the term “ ballast” as used in this Paper 
refers to the sandy gravel found in extensive deposits in the 


Thames Valley, which is largely used for concrete and other 
purposes. 

In any location, such as one adjoining a piled structure, where it 
was important to eliminate any risk of subsequent internal settlement 
of the fill, 12-to-1 mass-concrete was substituted for hardcore and 


ballast. Whatever the material used, the fill was allowed to remain 


as long as possible before the road-slab was laid, so as to allow the 
ground underneath sufficient time to become consolidated. Con- 
solidation was hastened in some instances by the contractors using 
the filled areas for the storage of heavy materials, such as bricks, 
ballast and piles, and in one case by loading the formation with cast- 
iron kentledge which was available. 

The actual change from a piled structure to filling was effected in 
each case by providing a hinged reinforced-concrete slab, generally of 


_ 14 feet span and supported on cast-iron bearings, so that any slight 


settlement of the fill that took place after completion would not 
seriously disturb the road-surface. 

Public Services—The works were further complicated by the 
unusual number of public services which suffered unavoidable inter- 
ference, especially where existing streets had to be regraded and 


- widened. A network of gas, water and electricity mains and post- 
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office cables had to be diverted or relaid, and considerable alterations 
had to be made to the property of two railway companies, two 
tramway authorities and the Port of London Authority. Apart 
from the technical provision necessary for these alterations, a good 
deal of care was required in order to synchronize the various opera- 
tions, with the object of avoiding undue delay, and also of minimizing 
any inconvenience to the public. 


DESCRIPTION OF THE WORKS. 


For convenience in execution, the work carried out under the 
scheme was arranged in the following six divisions, which are shown 
on the site plan, Figs. 2, Plate 1. 


Division 1. Rehousing. 
2. Barking road bridge. 
3. Western approach. 
4. Barking road approach. 
5. Viaduct (Silvertown Way). 
6. Silvertown diversion. 


The same general arrangement will be adopted in the description 
which follows, except as regards Divisions 2, 3 and 4, which really 
form parts of a single section of the road works and will be treated as 
~ such. 


Rehousing. 

The new houses which were provided for the displaced popu- 
lation were erected in the vicinity of Prince Regent Lane, about a 
mile from the site of those to be demolished, on land given for the 
purpose by the Port of London Authority and by the West Ham 
Corporation. 

The first contracts were let in December, 1929, and about a year 


later a commencement was made with the transfer of the people to 
the new houses. 


New Barking Road Bridge and Approaches. 

The new bridge over the river Lee is a two-hinged steel arch with 
sixteen ribs, having an angle of skew of about 70 degrees. The clear 
span on the skew is 195 feet and the rise in that length is 18 feet. The 
abutments, which are constructed of mass-concrete, are taken down 
into the ballast stratum, but the whole of the load and thrust is 
taken by piles. An elevation of this work is shown in Fig. 3, Plate 1. 

It was prescribed by the Lee Conservancy Board that a clear water- 
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way 100 feet wide must be kept open for river craft during the con- 
struction of the bridge. No staging could, therefore, be placed in the 
central half of the span. The sections of arch-ribs nearest to the 
abutments were erected on piled staging and the hinge-connections 
made to the cast-steel pedestal-bearings, the remaining sections being 
then completed by cantilevering out over the waterway. The two 
halves of each rib were built with their outer ends somewhat above 
their final positions, so that there was a small gap between the meet- 
ing faces. Both halves were then lowered simultaneously until they 
interlocked, when the junction was completed. 

The each on each side of the bridge is carried on ten ‘eiatorsedl 
concrete arches, nine of these being of 25 feet span, while one has its 
span reduced by steps from 25 feet to zero, to suit the skew of the 
bridge. Solid concrete fill is used beyond the arches, and hardcore 
as the depth of fill decreases. The variation from concrete to hard- 
core is made gradually in order to avoid any abrupt change which 
might cause unequal settlement of the roadway (Figs. 4, Plate 1). 
The gradient on the western approach is 1 in 40, while on the eastern 
side it is 1 in 40 for the upper portion and 1 in 35 for the lower, the 


_ width between the parapets being 84 feet (as compared with 55 feet 


on the old bridge). This gives a roadway having a width of 57 feet, 
with two footways 12 and 15 feet wide respectively, and provides 
for six lines of traffic, including two centrally-placed tramways. 

Precast concrete blockwork is used for the parapets and pylons of 
the bridge, as well as the arched portions of the approaches and for 
the ends of the small arches and supporting piers. The parapets are 
strengthened by concealed reinforced-concrete vertical and horizontal 
members. 

Under the improvement scheme, the Victoria Dock road now 
ceases to be the main highway from Barking road to the docks, as 
Burnham street, the next street eastwards, has been widened to 
twice its previous width in order to form a link in the new route, 
and has now an overall width of 80 feet, giving a roadway for six 
lines of traffic, and two’ 12-foot pathways. 

Stages of Construction —The construction of the eastern or Barking 
road approach in the vicinity of Canning Town station was one of 
the most complicated sections of the work. The roadway imme- 
diately in front of the L.N.E.R. passenger station had to be raised 
a height of about 5 feet, and owing to the widening, raising and 
realignment of the road, the station buildings which fronted on to the 
road had to be demolished and rebuilt. For the same reasons, sub- 
» stantial alterations had to be made to the L.M.S.R. goods depot 

; ~ adjoining, and to the L.N.E.R. coal-depot south of the road, including 
Es rebuilding of all the offices. The through-girder bridge over the 
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railway, to which reference has already been made, had to be 
demolished and replaced by a new structure. 

In order to prevent any stoppage of the very heavy road-trafiic, 
the work on the Barking road approach was carried out in four 
stages, of which stages 2,3 and 4 covered the actual regrading of 
Barking road and the adjoining streets (Fig. 5). A period of 
6 months was allowed for the completion of each of these three 
stages, but Stage 1 covered portions of the new approaches which 
could be completed without any disturbance of the existing road- 
way, and was first put in hand. 


Stage 2 dealt with the north side of the regrading, and included the 


alterations to the railway companies’ property on that side, and the 


Fig. 5. 
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first section of the new bridge over the railway. There was just room 


to build this section without interfering with the old bridge. When 


Stage 2 was completed, east-going traffic was diverted over it, as by 
this time the new bridge over the river Lee was substantially com- 
pleted. Stage 3 included the demolition of one-half of the old 
railway-bridge, and the construction of the second section of the new 
one. On the completion of this stage all traffic was diverted over the 
new work, and the remaining half of the old railway-bridge was 
demolished, allowing the new bridge to be completed, together with 
the rest of the regrading work comprised in Stage 4. 
Suitable traffic-diversions were put into operation during the work 
of construction, and a motor tractor was kept ready near the junction 
of the Victoria Dock road and Barking road, in order to deal with 
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any traffic-holdups that might occur at that difficult, corner. As a 
result of these measures, it was reported that the flow of traffic at 
this point actually proceeded with less interruption during the pro- 
gress of the work than was the case before the reconstruction was 
commenced. 

Pile-Supported Fill—The unstable character of the ground has 
already been described, but special reference may be made to one 
section of the Barking road approach, where to overcome this diffi- 
culty an arrangement of combined fill and piling was adopted 
(Figs. 4, Plate 1). The new road-level over this section was from 
8 to 11 feet above the original ground, and as substantial settle- 
ment under such a load was bound to occur, it was decided to 
provide sufficient piles to relieve the ground of about half its burden. 
The fill was mainly of concrete with a layer of hardcore on the top, 
increasing in depth from zero at the higher end. 

Had the piles been driven first, they would probably have taken all 
the load of the concrete, and would possibly have carried it until the 
work was complete and under traffic, when settlement might have 
taken place. To avoid this, and to ensure that the ground took its 


_ share of the load, the concrete was first deposited in blocks about 


20 feet square, with spaces between the blocks, and left in this con- 
dition as long as possible. The area formed a convenient place for 
storing piles and other materials, which helped consolidation, and a 
settlement of about 4 inches took place; thereafter the piles were 
driven in the spaces provided, and the remaining space was then 
filled with concrete in order to form a homogeneous mass with the 
blocks. No piles were driven at the lower end of the last row of | 
blocks in order that this row might also act as a hinge if this was 


‘necessary. 


Since the roadway has been laid and has been used under heavy 
traffic, the surface has settled about 1 inch at the unpiled lower edge. 


~ Elsewhere, however, no movement has been recorded, which indicates 


that ground and piles are both doing their share of the work. The 


usual hinged slab was provided, connecting the upper end of the fill 


with the fully-piled arched section, but so far there has not been 


any necessity for it to function. 


Bridge over the L.N.E.R.—This is a hinged-frame bridge of rein- 
forced concrete, with a clear span of 52 feet 8 inches, as shown in 
Figs. 6, Plate 1. The maximum construction-depth is 2 feet 7 inches 


at the centre of the road, reduced by the camber to 2 feet 34 inches 


at the curbs. The asphalt paving, 2 inches thick, rests directly on 
the deck, and the latter is recessed to house the tram-rails, The 
new road-level at the centre of the bridge is about 2 feet 6 inches 
mages than that on the old bridge, but most of the additional 
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construction-depth thus obtained has been lost by increasing the 
railway headroom from 13 feet 4 inches to 15 feet above rail-level. 

The foundations are carried on 14-inch by 14-inch reinforced- 
concrete piles. The base of the abutments was hinged at the junction 
with the pile-caps. The hinges, by relieving the foundations of 
bending-moment, enabled the number of piles to be reduced, and 
so avoided the necessity for very close spacings in the confined area 
which was available. The provision of hinges was rendered more 
imperative by the fact that two 48-inch gas-mains passed under the 
abutments, thus introducing complications into the design of the 
pile-caps. The abutments were anchored to the temporary sheet- 
piling while in a condition of unstable equilibrium prior to the 
completion of the deck. 

The bridge spans four busy railway-lines, and the provision of 
temporary supports underneath the deck-formwork was not pos- 
sible without seriously interfering with the traffic. During con- 
struction, therefore, each section of deck was supported from above 
by two temporary girders, which rested on the completed portions 
of the abutments belonging to that section. A temporary gap 
20 inches wide was left between each completed section of the deck 
and the section following, and the concreting of this gap was not 
carried out till some weeks after the second of the two adjoining 
sections was completed and subjected to traffic. 

Gas, water, and electric mains had to be carried under the footways, 
_ and for this reason the footway-sections were constructed of steel 
plate-girders encased in concrete, and supported on mass-concrete 
abutments of the ordinary type. 


Viaduct. (Silvertown Way.) 


This is the largest single work carried out under the scheme. 
A part elevation is given in Figs. 7, Plate 2, and various details are 
shown in Figs. 7,8 and 9, Plate 2. The new road runs at ground 
level from Burnham street to Fulton street. There it widens out 
and divides into three, the centre portion rising on to the viaduct, 
and the two side portions forming the parallel low-level roads. 
The outer bay under the viaduct on each side has been utilized 
to provide a paved covered footway running alongside the corres- 
ponding low-level road. The total length of the viaduct is about 
¢ mile, not including the two spur roads. The roadway throughout 
is 40 feet wide, providing for four lines of traffic, and the foot- 
ways are 10 feet wide on each side, giving a total width of 60 feet 
between parapets. 


Construction—The structure generally is of reinforced concrete, 
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founded on cast-in-situ piles. In the standard type of construction, 
the deck-slab is carried on transverse and longitudinal beams, sup- 
ported on rows of six columns spaced at centres 17 feet 6 inches 
apart longitudinally. Expansion-joints, with double rows of 
columns, are provided at every third bay, thus forming separate 
structural units each 55 feet long. Numerous variations from these 
standard units had, however, to be made, on account of the inter- 
vening bridges of various types and different angles of skew. 

Where the falling gradient reduces the height of the columns to 
less than about 12 feet, slab-and-wall construction is substituted to 
give greater flexibility to the structure. The parapets are here 


 earried on longitudinal concrete walls faced with artificial stone, 


closing in the whole section and giving it the appearance of solid 
construction. Beyond the slab-and-wall section, which is. carried on 
piles, solid 12-to-1 concrete fill is employed, with a hinged slab 


_ connecting the piled with the unpiled work. The parapets through- 


out are of artificial stone strengthened by vertical and horizontal 
reinforced-concrete members, as in the case of Barking road 
bridge. 

The steepest gradients on the viaduct are 1 in 36 at the north end, 


~ 1 in 40 at the south end and 1 in 35 on spur road No. 1. 


The period allowed for completion of this contract was 18 months, 
and, in spite of some unavoidable delay, the viaduct was opened to 
vehicular traffic in about 3 weeks less than the prescribed time. This 
was done before the work was fully complete in all details, so that at 
the earliest possible date the traffic might be enabled to avoid the 
delays caused by the White Gates level crossing. 

Certain special features of the viaduct are dealt with more fully 
below. 

Three-Span Bridge.—The single exception to the concrete con- 
struction which is employed in the viaduct is in the three-span bridge 
over the L.N.E.R. and the two adjoining roads. Here, for con- 
structional reasons, it was decided to use steelwork, as, if concrete 
had been used, the provision of supports for falsework would have 
been a difficult matter. The three spans are of different lengths 


and different angles of skew. The Victoria Dock road span is 


75 feet 3 inches between the centres of the bearings, the Tidal Basin 
road span is 51 feet 9 inches, and the centre span over the railway 
tapers from 81 feet 04 inch to 73 feet 9} inches. Lach span has 


eleven plate-girders 6 feet deep, and is provided with both fixed and 


expansion bearings. The end supports are of mass-concrete faced 
with block-work, while the two intermediate supports are provided 
by rows of built-up steel columns, cruciform in section, having 


their recesses filled with concrete. The parapets are of artificial 
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stone, in harmony with the rest of the viaduct, as shown in Figs. 7, 
Plate 2. 

Bridge over Tidal Basin Entrance.—This is a reinforced-concrete 
bridge of deck-girder type, simply supported and with a clear span 
of 100 feet, or 103 feet 6 inches between the centres of the bearings 
(Figs. 8, Plate 2). The foundations were constructed in cofferdams 
of steel sheet-piling, driven well down into the solid clay. Good- 
quality gravel, overlying the clay, existed at or near the minimum 
depth required, and therefore no bearing-piles were required. The 
sheet-piling was cut off at the level of the top of the foundations, and 
the lower portion left in position. 

Owing to an unfortunate accident, a section of one of the coffer- 
dams collapsed when the foundation-excavation was nearing com- 
pletion. The dam was reconstructed by driving a second row of 
sheet-piling outside the damaged section, the inner row being 
afterwards removed. 

Each abutment is formed of columns, or buttresses, 3 feet 6 inches 
by 2 feet 6.inches, interconnected by a diaphragm wall 9 inches thick. 
The deck has a 15-inch slab supported on eight longitudinal beams at. 
8 feet 4 inches centres, which are joined by transverse ribs, the overall 
depth being 8 feet 2 inches. An additional bay has been built on 
either side of the bridge to provide easily-accessible ducts for carrying 
water-mains. The longitudinal beams are supported on fixed cast- 
steel knuckle-bearings, and any change in the length of the span due 
to changes in temperature or other causes is accommodated by the 
flexibility of the abutments. Provision was made in the contract for 
constructing the bridge without interruption to the waterborne 
traffic, and this would have been accomplished by the use of 
temporary steel girders between the beams, a section of the transverse 
ribs being omitted temporarily for this purpose. Actually, however, 
it was found possible to close the entrance during construction, and 
the deck-falsework was supported on timber piles driven into the bed 
of the waterway. 

When the falsework was removed and the weight of the deck was 
transferred to the abutments, records which were taken showed a 
settlement varying from } inch to } inch; this settlement included 
the movement due to the elastic compression of the abutments. 

Two-Span Bridge—This skew bridge crosses the P.L.A. railway 
and road entrance which serves the south side of the Royal Victoria 
Dock. Each span is 50 feet on the skew, or 22 feet on the square, 
between the centres of the supports. 

The deck consists of an 18-inch slab, continuous over the central 
supporting-beam and spanning squarely between the abutment- 
beams. It is divided into five sections by means of expansion-joints, 
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as shown in Figs. 9, Plate 2, the edges of the slab at the joints 
being supported by trimmer-beams fixed square to the abutments. 
The outer edges of the slab are carried by the parapet-beams, which 
are of 50 feet span. 

To avoid excessive secondary stresses in the continuous short-span 
beams at their junctions with the freely-supported long-span parapet- 
beams, suitable gaps were temporarily left in the deck-slab and the 
webs of the short-span beams. These gaps were not filled until the 
parapet-beams had been completed and fully loaded by means of 
cast-iron kentledge. In order that the short-span beams might 
accommodate themselves to the extension of the lower flange of the 
parapet-beams, the reinforcement was lapped in the gaps. 

In addition, large secondary bending-stresses in the columns sup- 
porting the parapet-beams were avoided by the provision of knuckle- 
bearings at the top of the columns, which necessitated part of the 
concrete being temporarily omitted. The tops of the pair of columns 
supporting any particular beam were also pulled together a distance 
of + inch before the construction of the beam, in order to allow for 
spreading to occur on deflection. After the deck had been completed 
and the gaps in the beams had been filled, and while the parapet- 
beams were still under full load, the concreting of the columns around 
the knuckle-bearings was carried out in order to form a monolithic 
junction. 

Smaller Bridges—Seven other bridges, in addition to those 
described above, are incorporated in the viaduct for the purpose of 
spanning intersecting streets. Five have skew spans of 35 feet, one — 
a square span of 32 feet 6 inches, and one, over a footpath only, has 
a span of 15 feet 6 inches. They are constructed with a beam-and- 
- slab deck and are, with one exception, supported on abutments of 
the ribbed type; that is, on columns with interconnecting diaphragm 
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_ walls. In the six larger bridges the deck-beams rest on cast-steel 
q knuckle-bearings. 


- Silvertown Diversion. 
As previously stated, the purpose of this diversion was to do away 

with the railway level-crossing at Silvertown station. The new road, 
connecting North Woolwich road and Connaught road, is carried 
over the lines of the L.N.E. and the P.L.A. railways by means of 
a reinforced-concrete viaduct having a length of about 580 yards 
(Figs. 10 and 11, pp. 20 and 21). 3 
- Construction.—The type of construction is generally similar, apart 
from special features, to that of the larger viaduct already described. 
q ‘The width of roadway in this case is 28 feet, with two 7-foot pathways, 
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or 42 feet between parapets, while on the spur road to the docks this 
is reduced to a 20-foot roadway with footways 4 feet 6 inches wide 
(Figs. 12, p. 22). The gradient of the approaches is 1 in 30. The 
standard span is 20 feet between the rows of columns, and there are 
five columns in each row. In special cases hinges have been provided 
at the foot of the columns, in order to relieve them of unduly high 
temperature and secondary stresses (Figs. 15, Plate 3). 

‘As in the other viaduct, cast-in-situ concrete piles have been used. 
for the foundations. Concrete has been used throughout the 
structure. inn 

Bowstring-Girder Bridge.—The central feature of this diversion 1s 


Fig. 10. 
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a bowstring-girder bridge over the L.N.E.R. and Connaught road 
(Figs. 13, Plate 3). The skew span is 109 feet clear, or 117 feet 
between the centres of the bearings. The footways are cantilevered 
outside the girders, each main girder being supported, through 
cast-steel knuckle-bearings, on two columns, which are housed 
inside, and rest on the bottom of, cellular abutments; these dis- 
tribute the load over the piles. Where the columns pass through 


= 


the decking of the abutments, an accurately-adjusted gap is provided | 


around each column, sufficient to permit of its movement to a 
predetermined extent in either a longitudinal or transverse direction. 


The decking itself forms the necessary stop to prevent the defined 
limits being exceeded. 


In Figs. 14 (p. 23) is shown the order in which the girders and _ 


deck were concreted. 
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Frame Bridges—There are four frame bridges in this diversion, 


with clear spans of the following dimensions :— 


40 feet skew. 


Over P.L.A. Railway . 


42 feet square. 


Camel Road. . 


Oriental Road 


39 


43 feet 7} inches skew. 


42 feet square. 


. 
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new low-level road . 
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type, thus economizing in concrete and reducing the dead load. 
Each of the abutments is carried on a single row of comparatively 


flexible piles, and the bases of the abutments were, for purposes of 


design, considered as being hinged (Figs. 15, Plate 3). 


PILING. 


Reference to the borings will show that there is a bed of gravel 
with a general thickness of about 10 feet underlying the inferior 


strata. Underneath this is solid clay of unknown depth. In the 


initial stages of the work, when the strata had not been so fully 
explored, it was hoped that suitable bearings for the foundation piles 
might be obtained in the gravel stratum. It was soon found, how- 
ever, that while it was hard to drive the piles through the gravel, 
the desired set could not be obtained without penetrating some 20 
feet into the underlying clay. The length of pile required for this 
penetration varied with the level of the foundation, and ranged 
between 25 and 57 feet, the majority of piles averaging about 40 feet. 

In the first contract for engineering work to be put in hand, 
namely, the new Barking road bridge, the piles were designed to 
carry a maximum working load of 60 tons. The set specified was 
34 inch for ten blows of a 2-ton drop-hammer, falling 3 feet 3 inches. 
Most of the piles in this case were under 30 feet in length. When 
longer piles were found to be necessary, a heavier hammer was used, 


and the specification was modified by prescribing a set of 1 inch for 


ten blows by a 3-ton hammer falling 3 feet, the maximum working 
load being reduced to about 50 tons. It was found, however, that in 
certain areas a record of the number of blows required for 1 inch of 
penetration was not a reliable indication of the bearing value of the 
strata, as a short period of hard driving might be followed by easier 
conditions for several feet. The specification was therefore stiffened 
to a set of 12 inches for 200 blows, with a 3-ton hammer and a 3-foot 
drop. The live-load factor generally formed a considerable pro- 
portion of the working load, amounting in the case of the standard 
viaduct structures to about 50 per cent. of the whole. The support- 


ing capacity of the piles was, therefore, considered to afford an 


ample factor of safety, in accordance with ordinary practice. It 


_ Was, however, thought necessary to check the calculations of the 


bearing capacity by actual loading tests, and a certain number of 
tests were duly carried out. — 

In the original designs the use of pre-cast piles was assumed, and 
these were specified in the contracts. When, however, a contract 
was let for the viaduct, involving the use of nearly three thousand 
five hundred piles, or more than half the total number required for 


- 


he 


ROYAL DOCKS APPROACHES IMPROVEMENT, LONDON. 25 


the whole scheme, the contractors asked permission to use cast- 
in-situ piles, with the particular aim of increasing the rate of 
construction. Various types of pile were considered, and it was 
ultimately agreed to use the “ Vibro” pile at a cost somewhat less 
than pre-cast piles, and subject to certain conditions, of which the 
following may be cited :— 


(a) A certain number of pre-cast piles, not exceeding 1 per cent. 
of the whole, to be driven where directed for purposes of 
comparison. 

(6) Tests for bearing-capacity to be applied to two “ Vibro” 
piles, at different points, and to at least one pre-cast pile 
adjoining them. 

(c) One “ Vibro” pile to be withdrawn for examination and 
calculation of frictional resistance. 


Fig. 16. 
LOAD: TONS. 

20 40 60 80 100 120 140 
= rr =| 


“Vibro” Pile—First Test, 
“loading time 20 mins. 


—— 


i 
Bed oe a “Vibro” Pile—Second Test, loading time 3 mins. ) 


Trsts oF Pires LoapED By HypRAULic JACKS. 


SETTLEMENT: INCHES. 


Pre-cast pile. “Vibro” pile. 
Section . 5 . 14 inches square. 7 inches diameter. 
Length . A . 50 feet. 40 feet. 
Penetration . . 40 feet. 40 feet. 
Set : . 1 inchto ten blows. 1 inch to four blows. 
Weight of hammer . 3 tons. 3 tons. 
Drop. . 3 feet. 3 feet. 


These in-situ piles are made by driving a steel tube having a loose 
cast-iron shoe of slightly greater diameter than the tube. When the 
required depth or set has been obtained, the steel reinforcement is 
placed in position and the tube filled with concrete. The tube is then 
extracted by means of the steam hammer, which gives it a recipro- 
cating motion in order to ram and consolidate the concrete. 

The results of the loading tests carried out indicated that the 
bearing capacity of the cast-in-situ piles was superior to that of pre- 


cast piles of equal penetration. Two sets of these results are shown 
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graphically in Figs. 16 and 17. It will be noted that the loads in 
Fig. 16 were applied by means of hydraulic jacks, and those in 
Fig. 17 by kentledge. When jacks were used, the piles were under 
load for only a few minutes, whereas with kentledge the tests extended 
over several days. In the former case, therefore, although the 
results give a fair comparison of the efficiency of the two piles, they 
do not give such an accurate indication of bearing capacity as in the 
kentledge tests. : 
The first attempt to withdraw an in-situ pile was unsuccessful, as, 
although the pile was of somewhat less than normal length, the means 


Fig. 17. 


LOAD: TONS. 


~~~ Platform cracked 
at this load. 
Reading uncertain 


SETTLEMENT: INCHES. 


Trsts or Prurs LoaApED BY KENTLEDGE. 


Pre-cast pile. Vibro”? pile. 
Section . : . 14 inches square. 17 inches diameter. 
Length . : . 40 feet. 33-4 feet. 
Penetration . . 33-4 feet. 33-4 feet. 
Set : ; . 1 inch to eleven blows. 1 foot to fifty blows. 
Weight of hammer . 3tans. — 2 tons. 
Drop. * . 3 feet. 3 feet. 


available were inadequate to move it. A shorter pile with about 
20 feet of penetration was therefore driven, and when properly set 
this was successfully extracted. The movement was started by 
~ means of two hydraulic jacks, supported through packings on eight 
adjoining piles, and when the initial resistance was overcome the 
extraction was completed by means of tackle attached to a steam 
crane. The maximum uplift recorded on the gauges attached to the 
jacks was 54 tons. The diameter of the pile was about 17 inches. 
The contractors for the Silvertown diversion also made a proposal 
to use the same type of pile for their contract, and this was adopted 


. 


p 
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with satisfactory results. The number of piles in this contract was 
about nine hundred. Further loading tests were made at this 
section of the work, and these confirmed the results already obtained. 


CONCRETE. 


With the exceptions of the Barking road bridge and the three- 
span bridge already described, concrete was used for all structures 


. throughout the work. 


Ordinary Portland cement was used for general purposes, rapid- 
hardening cement for most of the reinforced-concrete work, and 
aluminous cement for lengthening the pre-cast piles. 

The specification for rapid-hardening cement required compliance 
with the British Standard Specification for Portland cement, and also 
with the following special conditions :— 


The fineness of rapid-hardening cement to be such that the 
residue on a sieve 170 by 170 (28,900 meshes per square 
inch) should not exceed 14 per cent. 

Tensile breaking strength (3 parts sand, 1 part cement) to be 
not less than the following :— 


24 hours after gauging: 325 pounds per square inch. 
3days .,, f an increase over strength at 24 hours. 
TE nee 55 55 a 10 per cent. increase over strength at 24 hours. 


These special requirements were fixed after consultation with 
representatives of the manufacturers and with the analysts appointed 
to test the cement at the makers’ works. The strengths actually 
obtained were much in excess of those specified, and generally no 


_ difficulty was found in obtaining the prescribed fineness. 


Proportions—The concrete mixtures which were chiefly used in 
the work are given in Table II (p. 28), although others were also 
employed in special cases. 

For the bedding of pre-cast blocks in parapets, and for brickwork 
in spandrel-walls over arches, the mortar was composed of two parts 
of sand and one part of blue lias lime. 

Working Stresses—The mixture used for most of the reinforced 
concrete was 4-to-2-to-1 and, except in one case, a basic compressive 
working stress for this quality of 600 pounds per square inch was 
assumed in the design, The exception was the Silvertown diversion, 
which was the last work to be put in hand, and here a basic stress of 
750 pounds per square inch was adopted, in conformity with more 


recent practice. 


For special cases where higher stresses were required, a 3-to-1}-to-1 


a 
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mix was used. The principal instances of this are given below, with 
the basic working stress in each case. 


Basic countess 


pounds per 
square inch. 
Frame bridge over the L.N.E.R. at Canning Town station, 
deck-slab : vi OOO 
Bridge over Tidal Basin en uance. deck one fale quays 930 
Two-span bridge . : nate 930 
Bowstring-girder bridge, Givactowa diversion 1,200 


This quality was also used for reinforced-concrete piles. 


Tasue II. 
Te 
Quality. | Proportions. Aggregates. Nature of work. 
B 6 tol Thames ballast. Road  foundation- 
(Approximate grading: gravel slab. 
4 inch to 2} inches, 24 parts ; | Mass-concrete gener- 
sand below } inch, 1 part) ally. ; 

C 8 tol Thames ballast. Lower section of 
heavy founda- 
tions. 

H 12 tol fe 93 tien atm fill. 

Crushed gravel } inch to ? inc iles. 
a S40 1g tet {Sand bel 4 inch. } Reinforced concrete. 
E 4 to 2 tol fe . ; Reinforced concrete. 
Crushed granite }+ inch to meee ne eS 
CC 5 to 24 to 1 2 inch. walls ‘andsendaeee 
: Granite 1 grit below } inch. aeahine? 
EE 4to2tol wd Hg - Pre-cast blockwork 
' in parapets, cop- 
ing, steps, etc. 
Reinforced concrete. 


1 The term “‘ granite” is to be interpreted in the loose sense in which it is 
used commercially, and not as a strict geological description. 


Vibrating.—For the structures or parts of structures that were 
subject to unusually high stresses, the specification provided that 
the concrete should, in addition to the normal manipulation, be 
consolidated by means of high-frequency mechanical vibrators. No 
special type of appliance was indicated, and it was found that an 
ordinary light pneumatic riveting-hammer applied to the outside of 
the forms gave very satisfactory results. The vibrating produced a 
concrete which was much denser and better packed than could be 
obtained by ordinary manipulation, especially in awkward positions 
where a great deal of steel reinforcement made access difficult. 
Examples that may be mentioned were the hinge sections of the 
frame bridge over the railway at Canning Town station, and of 
certain columns in the Silvertown diversion, which, as will be seen 
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from Figs. 6, Plate 1, and Figs. 15, Plate 3, were very heavily 
reinforced. These sections were pre-cast and compacted by vibra- 
tion, and perfect results were obtained. The vibrators had, of 
necessity, to be used intelligently, in order not to cause damage 
by disturbing concrete which had partially set. 

Testing.—The contracts that involved the more important rein- 
forced-concrete structures provided that each quality of concrete 
should attain a specified crushing strength, with the proviso that if 
the strength fell below that figure the contractor might be required 
to enrich the mix by the addition of further cement without further 
payment. The strengths specified, however, were well within the 
figures that could be attained with reasonable care, and no variation 
from the standard proportions was found to be necessary. 

The following were the prescribed minimum crushing strengths 
for 6-inch test-cubes, at 28 days old for ordinary cement or 7 days 
for rapid-hardening cement :— 


3 to 14 to 1 (Quality D) A . . . . 38,600 pounds per square inch. 
4to2tol (Qualities E and EE) re td, Pel eae OO rere: an - 5 


It was also assumed in the design that 3-to-14-to-1 concrete would 
have an ultimate crushing strength at 3 months of 4,800 pounds per 
square inch. The actual results obtained from thirty tests showed 
an average strength of 7,712 pounds per square inch, with a range of 
from 6,440 to 9,300 pounds per square inch. At 3 months 
4-to-2-to-1 concrete gave strengths, over fifty-six tests, varying from 
4,333 to 8,222 pounds per square inch, the average value being 6,104 
pounds per square inch. 

It is clearly necessary that, in structures of this nature, the antici- 
pated strengths should be obtained in every part of the work. To 
ensure that this was the case, the resident engineer’s staff constantly 
took samples of the concrete as it was deposited; 6-inch test- 
cubes were made from these and crushed on the site. A suitable 
laboratory was provided for this purpose, and a crushing machine 
having a capacity of 150 tons was installed. The cubes were cured 
in damp sand, and electric heating, automatically controlled, kept 
the temperature constant within the usually-accepted limits. The 
number of test-cubes made was about three thousand. Colorimetric 


field-tests with a solution of caustic soda were made from time to 


time on the sand used as fine aggregate, with the object of detecting 


any organic impurities. 
The water-content of the concrete was controlled by means of the _ 


slump-test, the specification providing that the slump should not 


_ exceed 4 inches unless specially sanctioned. The slump of all samples 
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These diagrams also show the average results of the hi 


4-to-2-to-1 concrete, made at one section of the work, the averag 
cent. and lowest 5 per cent. respectively of the tests 


strength obtained for each recorded slump being shown. 
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indication of the range of strength that may be obtained under 
ordinary field conditions. The tests given cover the whole period of 
one contract, including preparatory and foundation work, the 
concrete being taken from several portable mixers situated at various 
parts of the work. During the earlier stages some difficulty was 
experienced with the supply of aggregates, and changes had to be 
made before entirely satisfactory results were obtained. 

The tests on the superstructure therefore gave much higher results 
than the averages as given for the whole period, but still showed 


a considerable range. More uniform results could undoubtedly 


_ have been obtained if centralized plant had been practicable, but 


a 


these tests emphasize the fact that, even when there is careful field- 
control, a large margin of safety must be kept between the strength 
assumed in the design and the average obtainable with the specified 
mix, since weakness in a single member may limit the effective 
strength of the whole structure. In all the tests of which the results 
are given above, the concrete was made with rapid-hardening cement. 

Surface Treatment.—Pre-cast smooth-faced concrete blockwork 
was used for parapets, pylons and similar work, the exposed faces 
being made with white cement. After manufacture, these faces 
were rubbed down with carborundum stones in order to remove the 
surface cement and expose some of the finer aggregate. Walls 
adjoining the public highway were faced with pre-cast blockwork 
having a similar surface-treatment, but in this case ordinary Portland 


_ cement was used. A more pleasing finish with better lines than with 


in-situ work was thus obtained at no great increase in cost. 

Where in-situ work was necessary but a better finish was desired, 
as in the case of columns, the surface was rubbed down with carbo- 
rundum stones as soon as possible after the stripping of the forms. 
A mixture of equal parts of cement and fine sand was then rubbed 
into the face with the same stones, in order to obtain a more uniform 
tone and texture. It was originally intended to remove the outer 
skin of cement by this treatment and thus eliminate entirely the 
board-marks ; this could rarely be done, however, as rapid-hardening 

cement was largely used, and the concrete was found to be too hard 
by the time the special treatment could be applied. In spite of this, 
however, the treatment effected a marked improvement in appear- 


ance, and was considered to justify its application. 


: 


Dersiagn Loapine. 


All road structures were designed to carry on any part of the ~ 


roadway a 100-ton lorry on four wheels, drawn by three 20-ton 
y engines and followed by the standard Ministry of Transport train of 
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loads. In addition, further standard Ministry of Transport trains 
were assumed on each side where possible, but leaving a clear space 
5 feet wide between the wheels of the 100-ton lorry and those of the 
adjacent trains. An addition of 50 per cent. was made to these loads 
generally, in order to allow for impact. 

While unit loads of this magnitude on four wheels are not likely to 
become common sights in the immediate future, during the con- 
struction of the works various requests were received for permission 
to transport over the new roads loads of over 100 tons, and up to 
160 tons on four axles. 


Roapway. 


Where the gradient did not exceed 1 in 100, the roadway was 
generally paved with mastic asphalt 2 inches thick. On steeper 
gradients granite setts were used, and, in special positions where quiet- 
ness was necessary, sections of wood-block paving were provided. 
The foundation for all classes of road-paving, whether on the natural 
ground or on filling other than concrete, was a continuous 9-inch 
reinforced-concrete slab. The reinforcement consisted of square 
mesh, with equal strength in each direction, the weight depending on 
the nature of the sub-foundation. Where this was the original 
ground, weights of 12 pounds per square yard in the bottom and 
6 pounds per square yard in the top were used. On hardcore filling, 
7 and 33 pounds respectively were considered sufficient. These 


figures apply to mild steel, the weights for high-tensile steel being 
reduced by one-third. 


- 


ContTRACTS. 


Practically the whole of the work was done by contract, with 


competitive tendering. The main divisions were further subdivided 
into the different contracts, of which there were nine for rehousing, 
seven major engineering contracts, and various subsidiary works. 
The contracts are set out in tabular form in Appendix I. 


The reasons for the somewhat large number of contracts were 
varied. 


(1) Certain sites were available before others, and work on these 
could be started earlier. 

(2) In the case of Barking road bridge no working-class dwell- 
ings were disturbed and therefore no delay was caused 
by waiting for new houses to be finished. 

(3) The approaches to this bridge were in the areas of different 


authorities and had therefore to be dealt with as separate 
contracts. 


) 
{ 
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(4) Certain sections of the work were independent units, such as 
the Silvertown diversion. 

(5) In the rehousing area there were four separate sites, sub- 
divided as flats, cottages and roads. By letting these as 
separate contracts an opportunity was given to smaller 
building contractors of good standing, which would not 
have been the case if the whole of the rehousing had 
been let as one contract. 


The maximum number of men employed locally on the works at 
any one time was one thousand one hundred and fifty. 

Messrs. Rendel, Palmer & Tritton were the engineers for the 
scheme, and with them was associated Mr. W. Lionel Jenkins, 
-M. Inst. C.E., Borough Engineer, West Ham. 

Mr. Kennedy, as Sectional Engineer on the staff of the engineers, 
had charge of the scheme under Mr. E.J. Buckton, B.Sc., M. Inst. C.E., 
who was chiefly concerned with the work as a whole, Mr. H. J. 
Fereday, M. Inst. C.E., being responsible for the steel-arch bridge. 
_ Assistance was rendered throughout by Mr. F. R. Jemmett, M.A., 
Assoc. M. Inst. C.E., in regard to the work as a whole, and by Mr. J. 
' Cuerel, B.Sc., Assoc. M. Inst. C.E.,in regard to the reinforced-concrete 
_ work. 

Mr. H. F. Nolans, M.A., B.A.I., Assoc. M. Inst. C.E., was Resident 

_ Engineer, except towards the end of the work, when his place was 
taken by Mr. H. J. Prentice. 

_ Mr. H. E. Aldington, the Divisional Road Engineer for London 

_ and Engineer to the London Traftic Advisory Committee, represented 
the Ministry of Transport, while Sir Henry Maybury, Past-President 

- Inst. C.E., was Consulting Engineer to the Ministry. 

The Authors’ thanks are due to Messrs. Rendel, Palmer & Tritton 
for facilities given in the preparation of material for the Paper. 


_ The Paper is accompanied by seventeen sheets of drawings, from 
_ which Plates 1,2 and 3 and the Figures in the text have been prepared, 
_and by the following Appendix. 
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APPENDIX. 


List oF CONTRACTS. - 


Rel Ae, 29s 


5 
Viaduct. 


6 
Silvertown diversion. 


South West Ham 
Cricket ground. 


Boreholes. 


Ltd. 


Dorman, Long & Co., 
Ltd. 


Division. Name of contractor. p pent tee 
1 
Rehousing. Perry’s (Ealing), Ltd. £107,677 | 31 Dec., 1929. 
J. E. Billings & Co., Ltd. | £36,692 | 31 Dec., 1929. 
Sir Lindsay Parkinson & | £29,146 | 31 Dec., 1929. 
Co., Ltd. 
G. J. Anderson. £14,326 | 17 Dec., 1929. 
S. E. Moss & Sons. £49,487 | 28 Feb., 1930. 
Unit Constr. Co., Ltd. £21,450 | 19 Feb., 1930. 
G. J. Anderson. £7,862 | 6 Jan., 1930. 
Perry’s (Ealing), Ltd. £43,102 | 1 March, 1930. 
Wood Bros., Ltd. £20,027 | 10 March, 1930. 
2 
New Barking Road | Shanks & McEwan, Ltd. | £102,268 | 6 Jan., 1930. 
bridge. 
Demolition of existing Pe =i yi £6,991 | 7 May, 1934. 
; bridge. 
3 
Western approach. Shanks & McEwan, Ltd. | £89,627 | 10 Nov., 1930. 
4 
Barking Road _ ap- 
proach : 
Arched portion. | Shanks & McEwan, Ltd. | £25,078 | 8 April, 1931. 
Preliminary street fo ie eS _ £6,158 | 8 April, 19381. 
works, 
Street works. D. G. Somerville & Co., | £136,958 | 8 Feb., 1932. 


£330,352 


Holloway Bros. (London),| £75,319 
Ltd. 


Carter’s Tested Seeds, 
Rigg & Remington. 


Le Grand, Sutcliff & Gell. 


£1,981 
£707 


£408 


14 Nov., 1932. 


15 May, 1933. 


J 
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Discussion. 


Mr. KENNEDY showed a number of lantern-slides illustrating the mr. Kennedy. 
orks described in the Paper. 
Sir Grorce Humpureys, Past-President, recalled that the late Sir George 
t. Harry Gosling, then Minister of Transport, had presided at a H™™phteys. 
eeting held in April, 1924, when Sir Henry Maybury, Past-Pre- 
dent Inst. C.E., gave a lecture entitled “The Victoria Dock 
istrict and its Roads,” setting forth Sir Henry’s conception of 
e project which he so strongly advocated, and which had now 
come a reality. The completion of the work must be a source of 
atification to Sir Henry, and all would regret that he was pre- 
nted by indisposition from attending the present discussion 
on it. 
At the discussion on the lecture to which he had referred, several 
cal representatives had urged that the work should be undertaken, 
le of them saying, ‘“‘ This is not only a road to the Hast End; it 
a road to India, China and Japan, and it is really the gateway 
the British Empire.” That was a picturesque description, but 
ere was a great deal of truth init. The construction of the road 
d its maintenance abreast of requirements were, however, the 
ty of several local authorities, and each was waiting for the 
hers to make a move. The old river Lee bridge opened in 1896, 
‘ich had now been replaced by the new one, had cost £44,680, a 
‘ther sum of about £35,000 being spent on approaches; the 
ndon County Council were responsible for its construction, West 
1m contributing a substantial sum towards the total cost. 
cently, however, thanks to the intervention of the Ministry of 
ansport, the much greater expenditure which was outlined in 
» Paper had been made possible, and a portion of the cost of the 
tk had been borne by those local authorities that would receive 
» most benefit. The part which the London County Council had 
yed had been a small one; he thought that much of the credit 
s due to West Ham, but the moving spirit in the whole matter 
1 been the Ministry of Transport. 
te would mention only two points with regard to the works 
eribed in the Paper. The measures adopted for dealing with 
flement were of interest, as all who had had experience of con- 
icting roads in London knew that directly they were made they 
| to bear the stress of very heavy traffic. He hoped that those 
asures had proved satisfactory. One important feature of the 
kk deserved special notice, namely, the viaduct construction 
reby two levels for traffic were obtained. That was an example 
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which should be followed, and he commended to the serious a 
of the Ministry of Transport the necessity for making further effo 

in that direction. He knew that the execution of such work 
the centre of London would involve very large financial question: 
but he had thought for some time that an attempt ought to be ee 
to tackle one traffic-crossing right in the centre of London, no matte 
what the expense might be. The object-lesson which that woul 
afford would, he was sure, lead the my to further applications 
the principle. 

Sir Davip Owen, speaking as a representative of the Port 
London Authority, said that the delays to traffic which used to b 
caused by the narrow and tortuous approaches, with their heavy 
gradients, level crossings and swing-bridges, constituted a hindran 
to commerce which had to be seen to be realized. The evil w. 
recognized and condemned by all the authorities concerned, and y 
the matter was discussed for 30 years before remedial measur 
were commenced. Ultimately, however, the engineers were in 
structed to proceed, and the whole work was completed in abou 
5 years. The improvement had benefited the whole commercia 
community of London, especially as the old condition of thing 
was bad not only for road-traffic but also for water-borne and railway 
traffic. 

The delay in beginning work was due solely to financial diffi 
culties. It was not until the formation of the London Traffi 
Advisory Committee in about 1924, under the chairmanship of Si 
Henry Maybury, that those difficulties were overcome by the pre 
vision of a 75-per-cent. Government grant towards the total estimate 


_cost of £2,500,000. The Port of London Authority made no direc 


contribution towards the cost; it had no power to spend mone’ 
except in certain limited ways, and the improvements were outsid 
its own area. It did, however, agree to the spanning of the Roya 
Victoria Dock entrance by a fixed bridge, which was most important 
and also provided the land for the re-housing scheme. He wa 
afraid that, in agreeing to the spanning of that dock-entrance by 
fixed bridge, they had had no idea of the great effect of the ne’ 
road on dock traffic, and it now seemed to him that a swing-bridg 
might become desirable. 
He was much impressed by the broad-minded spirit in which th 
scheme had been designed and carried out ; the width of the roa¢ 
ways and the easy curves and gradients facilitated rapid transpor 
The Port of London Authority was now engaged on further develoy 
ments at the “ Royal” group of docks, the total cost of which woul 
certainly not be less than £2,000,000, and he did not think the 
those improvements would yet have been possible had not the worl 
described in the Paper been carried out. 
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He would like to congratulate all those concerned in bringing the Sir David 
mg-discussed work in question to such a happy issue, including 0” 
it Henry Maybury, whom he had already mentioned, Sir Charles 
ressey, of the Ministry of Transport, and the Authors of the Paper. 
astly, he would refer to one whom he had the privilege of regarding 
s an old friend, the late Sir Frederick Palmer, Past-President 
ist. U.E., whose firm were the engineers for the project. Sir 
rederick’s long association with the Port Authority and his detailed 
nowledge of the local conditions and circumstances no doubt 
roved of the greatest value in planning such an important work. 
Sir CHARLES Bresspy remarked that at the meeting to which Sir Charles 
r George Humphreys had referred, when the improvement scheme Breer 
as described by Sir Henry Maybury, Sir Joseph Broodbank 
vd. remarked that the traffic from the new road would still have 
) discharge into what was called Gardiner’s Corner, where the 
hole of the East End traffic converged, part of it along the White- 
lapel road and Mile End road and part of it along the Hast 
dia Dock road. Sir Charles was sorry to say that Gardiner’s 
rner was still carrying the whole of the converging traffic from 
le eastern sector of London. The population of that sector had 
creased in the most phenomenal and alarming way. In Dagenham 
ere had been a ninefold increase in the population during the last 
tercensal period of 10 years, and in Dagenham, Ilford, Romford, 
id Barking taken together the population had increased from less 
an 150,000 to more than 300,000 in that period. Such an increase 
as alarming when it was realized that the whole of that district 
as entirely dependent on two roads which led to Gardiner’s Corner. 
ne traffic at that point was naturally increasing very rapidly indeed. 
| 1925 the vehicles passing numbered about 22,000 per day; 10 
ars later the number reached 28,800, an increase of over 30 per 
nt. Obviously one corner could not continue indefinitely to 
ceive such an increment of traffic. From Gardiner’s Corner 
sstwards, the whole of the traffic had to permeate the City through 
e old channels of Leadenhall street and Fenchurch street, and so 
st the Mansion House, where the traffic had increased, he believed, 
- 20 per cent. in 10 years. The work described in the Paper was 
ly one of many improvements which had been carried out in the 
stern portion of London; there were the Hast Ham and Barking 
~pass, the Tiondon—Southend road, the remodelled Stratford 
ih Street, and various interconnecting roads of the same character, 
ost of them 100 feet wide. All these led ultimately to Gardiner’s 
mner. Itseemed that a crisis would soon come when improvements 
yuld perforce have to be carried out within the inner portion of 
mdon commensurate with those on the fringe. 

lt was interesting to consider how the cost of the improvements in 
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question could be justified. That cost was given by the Author 
as the large sum of £2,500,000, and he was not sure whether | 
execution that figure was not slightly increased, but it included ; 
large item for the improvement of housing conditions 10, West Ham 
Assuming the cost to be borrowed for 60 years at 3 per cent., it woul 
only be necessary to put on a toll of 2d. per vehicle using the bridg 
over the river Lee in order to cover the entire cost, capital ani 
interest, of the improvements. It was stated in the Paper tha 
before the execution of the improvements the delay which wa 
incurred by vehicles in the “‘ Royal” dock area represented 35 pe 
cent. of their working time. If that loss of 35 per cent. of their tim 
were contrasted with the toll of 2d. per vehicle, it would be seen th; 
a very heavy expenditure in carrying out improvements of a 
character in question might be fully justified. Nearer to the centr 
of the City, time was even more valuable and congestion mor 


“expensive. The improvements nearer the centre to which Si 


by figures such as those he had quoted. 

Mr. R. V. Auuin gave brief particulars of two field tests that 
had made during the construction of the Silvertown Viaduct. 

The first was made in order to observe the approximate variatio 
of setting temperature of the concrete of the bowstring bridge. Fe 
that purpose, two 14-inch diameter steel pipes, partly filled wit 
water, were built into the concrete of the curved member of th 
bridge, as shown in Fig. 19, and the temperature of the water take 
throughout the setting of the concrete and until it resumed normality 
The concrete consisted of 4 cubic feet of fine aggregate to 25 cubic fe¢ 
of sand and 140 pounds of rapid-hardening cement, and the membe 
4 feet 3 inches deep and 3 feet 6 inches wide in cross section, containe 
about 2 per cent. of steel reinforcement. The sides and bottom « 
the shuttering of the member were lined with three-ply wood, an 
the top was back-shuttered with rough boarding as the wot 
proceeded. The average slump of the concrete was about 4 inche 
The graphs in Fig. 19 showed the temperatures at the observatic 
pipes, at the surfaces of the beam, and of the surrounding atmosphei 
plotted against the period elapsed since the concrete was placed. Tl 
difference between the internal and superficial temperatures indicate 
the steepness of the temperature-gradient inthe beam. The concre 
was placed around the pipes at a temperature of about 70° F., whic 
rose to 104° F. in about 6 hours, reaching a maximum of 116°! 
in about 32 hours after placing, a rise of 46°. At that time t] 
surface temperature was 93° F., so that there was a temperatur 
gradient between the surface and the pipes of about 23°F. in 
distance of about 14 inches ; that gradient remained approximate 
constant for about 32 hours. About 4 days after placing the concre 
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George Humphreys had referred could probably therefore be — 
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ound the pipes the temperature became uniform across that Mr. Allin. 
ction. The retention of heat might have been slightly increased 

y the fact that the shuttering was lined with three-ply wood, but 

le variations of temperature should be generally typical of beams 

' similar section and concrete of similar quality. 

The second test was made to determine the effect on the strength 

f concrete of allowing it partially to set before ramming it into the 

oulds, thus producing a condition analogous to that created by 
mining or vibrating for a long time. Three different qualities of 


Fig. 19. 
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mnerete were tested, having 4 cubic feet of crushed shingle, 2 cubic 
et of sand, and 120 pounds, 90 pounds, and 60 pounds of cement 
spectively. The concrete on leaving the mixer showed slumps 
mging between 3 and 8 inches. It was then left to set for various 
stiods before ramming into the test-cube moulds, the reduced 
amps being as shown on the graphs in Fig. 20 (p. 40), but it was 
und that its workability could readily be restored by punning, up 
,about 6 hours setting, without any further water being added;  _ 
was important to note that the resulting test-cubes did not suffer 
smoothness. The curves in Fig. 20 represented the average 
¢ é ys compressive strength of 6-inch test-cubes of concrete of 


Mr. Allin. 
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those three mixes, placed in the moulds when in various stag 
of setting, up to 7 hours. The periods of the initial and fin 
set of the cement used were approximately 2} and 3} hours respe 


Fig. 20. 
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tively. The characteristics of the three curves obtained wel 
very similar; they all showed a slight falling-off of strengt 
in cubes made from concrete in the early stages of setting an 
a marked increase of strength when the concrete was allowe 
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to set for 5 or 6 hours before placing. The subsequent rapid Mr. Allin. 
decrease of strength was due to the concrete having reached a 
stifiness at which it was impossible to restore its workability without 
adding water. In every case tested the curves showed a higher 
strength than was specified. It was found that the 3-months 
strength of cubes of concrete which had set for 6 hours before being 
made had not suffered perceptibly from the setting, provided always 
that the concrete had been punned until it had fully recovered its 
workability. It was interesting to compare the two upper graphs 
with Figs. 18 (a) and 18 (b) of the Paper, as they referred to the 
same qualities of concrete. In order to ascertain whether that 
improvement applied also to tensile strength, small concrete members 
were made and loaded to failure in tension ; it would be seen from 
the lowest graph in Fg. 20 that there was a slight diminution in the 
tensile strength with increase of the period before placing. From 
a few experiments made, there seemed to be good reason to suppose ~ 
that shrinkage-cracks could be reduced to some extent by allowing 
a partial set to occur before placing. It was very important to note 
that the tests described were made on concrete rammed into moulds 
so small as to permit an intensity of ramming rarely practicable 
under working conditions, but he thought that they suggested a 
useful line of investigation for both the engineer and the chemist. 
Mr. E. J. Bucxton said that the early stages of schemes such as Mr. Buckton. 
that described in the Paper were always very difficult ; in the case 
of the scheme under discussion there were eleven public bodies to 
be persuaded to support and subscribe to it. As Sir George 
Humphreys had stated, Sir Henry Maybury was the power behind it; 
in fact, it would never have been possible to get all the public bodies 
‘concerned to agree without the influence of the Ministry of Transport. 
The road was cut through an intensely built-up area; three 

thousand six hundred persons had been displaced, and it had been 
necessary to build six hundred new dwellings, a fairly large river- 
bridge and two important viaducts. Considerable attention was 
given to the layout of the housing estates; for the sake of variety, 
four hundred cottages of thirty-five different types and two hundred 
flats of eleven different types were built. Vistas were considered 
and screen walls were run round; every cottage and even every 
flat had its own little garden, and all the houses and flats were 
planned with the living rooms on the sunny side. The cost had 
been strictly limited ; the work had to be done under the watchful 
eye of the Ministry of Health, and only a certain amount of the 
public money available was allowed for rehousing. Certain, 
economies had had to be effected on that account; for example, 
Flettons were used for the backs of the houses, the better-quality 
bricks being reserved for the fronts. 
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and the general style of the road was consistent throughout. All 
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It was decided to adopt reinforced-concrete viaducts, as they were 
felt to be the most attractive. The open-column type was selected, 
except that walls were employed where columns would have been 
rather short; the walls could be more flexible than the columns, 
and low columns would not have been very attractive. Where the 
viaducts approached the ground the space underneath was walled in. 
Continuity of design was of importance, as the road crossed all sorts 
of obstacles and its line and level varied throughout ; that require- 
ment had been fulfilled as far as possible, particularly in the parapets, 


work within touch or subject to close view was pre-cast, as its: 
appearance and surface were more pleasant than those of work 
cast in-situ; he himself thought that it was cheaper to use pre-cast 
work than to try to finish cast-in-situ work to the standard necessary. 
The walling and new buildings in connection with the work were 
chosen to harmonize with their surroundings, and continuity was 
obtained in the Lee bridge and other bridges by the structures 
themselves and the parapets. The steel arch of the Lee bridge 
was of interest in that it had a rise of only 1 in 11. Wherever 
possible, architects were employed on those parts of the work which 
could be done better by them than by engineers. When the housing 
was finished, the residents seemed reasonably satisfied with it. 

The foundations of the works were of particular importance, as’ 
the formation was extremely bad, the whole district having once 
been a marsh. The Paper showed clearly the means by which the 
sections of road resting on the marsh itself were connected to 
the rigid structures. The abutments of the arch bridge had to be 
absolutely rigid, and the traflic had to be carried from them on to 
roads which could be felt vibrating. The rigid structure was carried 
on piles; a hinged slab passed the traffic on to the deep concrete 
fill with piles added, from which it travelled on to the shallow 
concrete fill and then on to the hardcore. 

The cast-in-situ piles had proved satisfactory; their success 
depended on the site conditions, which, in the case in question, 
certainly suited them very well. It might be thought that the 
117-foot bowstring girder should have been of steel instead of rein- 
forced concrete ; at the time when it was being designed he thought — 
it was on the borderline, but he was now certain that concrete was 
the more economical material for it, and believed that that would 
be the case even for longer spans. One advantage of concrete over . 
steel in the Silvertown district was that the air was chemically - 
laden, which made the maintenance of steelwork difficult and 
expensive, as had been found with the steel bridge over the Lee. 

About three thousand tests were made of 6-inch concrete cubes, 
being carried on continuously from start to finish of the work. The 
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testing- -machine cost about £300 and the labour £200 or £300, but Mr. Buckton. 
the money was well spent, as the tests had proved of real practical 

use ; on several occasions faults had been discovered and corrected, 

and the standard of the work had been maintained throughout. 

The articulation of the structure was important, on account of 
temperature-changes and shrinkage as well as of the bad formation. 
The structure was divided for the most part into lengths of three bays 

‘Separated by cleavage-planes, and that principle was carried out 
throughout the whole of the work in question. A limited number 
of hair-cracks would still be expected, but it was very difficult to 
find any. 

Sir George Humphreys had referred to the old Lee bridge of 
1893, which had been built by the Thames Ironworks. The engineers 
were very sorry when they had to break it down. It was a fine 
structure, but it was killed by its approaches. 

The difficulties of construction were numerous, though the engineer- 
ing problems were fairly straightforward. Firstly, heavy traffic by 
road, rail and river had to be provided for; anyone who knew the 
district would realize how difficult it was to carry out work at the 

‘junction of the Barking road and the dock traffic, by Canning Town 
Station. Next, the district was an old one, and the ground was 
full of mains; new ones had to be put in before interfering with old 
ones. There were also a great many third parties who had to be con- 
‘sulted and satisfied before it was possible to get on with the -work. 
In addition, private property interests caused a good deal of trouble. 
_ When the project was first discussed, the time of construction 
was expected to be 3 or 4 years, but actually it took nearly 6 years, 
‘most of the delay being due to outside causes rather than to engineer- 
‘ing difficulties ; in fact, some of the engineering work was carried 
out under contract in almost record time. The total estimated 
cost of the works was about £2,500,000, that of the engineering work 
being about £1,500,000, but the actual cost of the engineering work 
was £350,000 less than that estimated. That saving was partly 
due to the slump in prices, but it was nevertheless very satisfactory. 
- Mr. F. M. G. Du-Piat-Taytor remarked that access to the Mr. Du-Plat- 
Victoria and Albert group of docks had always been slow and es 
difficult, even at the time when he was connected with them, in 
1904, when the traffic was much smaller and entirely horse-drawn. 
‘The difficulties were mainly caused by the presence of the three 
‘swing-bridges, at North Woolwich road, Connaught road, and 
Manor Way, Gallions, which was at the eastern end of the Albert 
ock. Under modern conditions the traffic-delays caused by 
ing-bridges over lock-entrances and internal passages in dock- 
systems were so serious that the cost of subways might perhaps 
¢ peanbed: Apart from the delay in delivery, a much more serious 
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loss was entailed by motor-vehicles remaining stationary than was 
formerly involved by horsed vehicles standing about, since the 
capital invested in one motor lorry was about four to five times that 
of one pair-horse van with its horses. 

He was not sure that the historical information on p. 5 was correct. 
So far as his records went, the London Dock Company and the 
St. Katharine’s Dock Company amalgamated in 1864 and purchased 
the Victoria Dock from its original owners, with the exception of 
the pontoon dock, which remained private property for many years 
afterwards. 

The comparative tests of ‘precast and cast-in-situ piles, which 
resulted in the adoption of the latter, were interesting. The greater 
bearing-capacity of the “‘ Vibro” pile as compared with that of the 
precast pile was no doubt due to higher skin-friction resulting from 
the roughened surface produced by the jumping or vibrating action 
imparted to the steel shell while it was being withdrawn. 

It would be of value to have further particulars of the vibration 
of the concrete, as, for example, the rapidity of the blows of the 
pneumatic tools; whether they were secured to the moulds or 
shuttering by means of straps, or merely held against them; how 
long vibration was continued; and so on. A joint sub-committee © 
of The Institution and of the Institution of Structural Engineers was 
at present investigating the subject, and would welcome details of 
work actually carried out. The use of vibration had enabled very 
high stresses to be adopted in some works. In the reinforced- 
concrete arch bridge over the Seine at La Roche Guyon, with a - 
single span of 528 feet 3 inches, the concrete was vibrated, and a 
working stress of 1,775 pounds per square inch was adopted. Test- 
cubes of plain concrete attained a resistance of 5,270 to 5,600 pounds ~ 


_ per square inch at 15 days, and cubes spirally reinforced attained 


7,800 pounds. All the specimens were vibrated. 
The execution of the works described in the Paper whilst main- 
taining the traffic throughout was no small feat of organization. 
He had had one or two opportunities of visiting the works and 
the rehousing area. The new houses in the latter had very pleasing 
elevations, and the planning seemed particularly good, but «.mongst 
the acknowledgments in the Paper there seemed to be no mention 
of the architect. Having heard Mr. Buckton’s interest in those 
houses, he wondered whether Mr. Buckton was not the architect ! 

Mr. J. Curren remarked that the construction-depth available 
for certain of the bridges had been very limited, and in the case of 
three of the bridges, namely, those over the L.N.E.R. on the Barking 
road, the Port of London Authority railway, and Camel road at_ 
Silvertown, the actual depth of structure proper was only between © 


ap and 3 of the effective span. That limitation, combined with 
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the exceptionally heavy live load (four wheels each of 374 tons, Mr. Cuerel. 
including impact, at 9-foot by 10-foot centres, flanked by standard 
Ministry of Transport trains), had presented a problem which could 
only be solved satisfactorily by a frame bridge—a type of structure 
particularly suited to reinforced-concrete construction. Analysis 
of such frames had generally been made by means of the elastic 
theory, some simplification being possible by taking advantage of 
the fact that the abutments and/or deck had practically constant 
moment of inertia over a considerable length. In view of the very 
unreliable ground, and because limitations of clearance made raking 
piles impracticable, it had been found best to take the thrust from 
the frames by means of ties. It would seem that where the ground 
was very bad and piles were used, ties should always be employed 
where possible. 

Hinges on the bridge over the L.N.E.R. at Barking road were 
called for by the special conditions mentioned in the Paper, but it 
would seem difficult to conceive any case where they would not be 
advisable. With a span—rise ratio of 24 to 1, fixing the bases of 
the abutments would give a reduction of only 2 or 3 per cent. in the 
moments at the centre of the span due to dead and live load. That 
small saving would usually be far outweighed by the considerable 
increase of “ arch-shortening ’’ (compression and shrinkage), move- 
ment of abutments, and temperature-stresses resulting from the 
fixity. Further, the eccentric loading due to bending would also 
increase the cost of the foundations. ~ 

An approximate estimate had been made of the effect on the 
stresses of the pronounced skew of the Port of London Authority 
railway bridge. It would seem that where a bridge was carried on 
piles, and the settlement of the piles was considerably greater than 
the deflection of the bridge, the effect of the skew would be greatly 
modified. Actually in the design of the bridge mentioned, only half 
of that effect had been taken into account, the settlement of the piles 
near the obtuse corners being reckoned to result in a corresponding 
reduction in the tendency for the deck to span square. 

In the frames over Oriental road and the new low-level road 
there had been more depth available, which was economically used 
by ribbing. The proportions of those bridges were such that the 
maximum moments at the centre and at the corners were approxi- 
mately equal, so that the central bending moment was halved as 
compared with that of a free beam and a very economical construc- 
tion resulted. 

_ Throughout the Viaduct and Silvertown diversion, in all reinforced- 
voncrete structures, expansion- and shrinkage-movements had been 
xecommodated by flexure of supports. The adoption of flexible 
supports for the bridges had enabled the abutments to be of very 
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simple and economical design, the complication and uncertainty 0 
expansion-bearings having been eliminated. The overturning effect 
on the foundation was small and closely determinable ; whereas in 
the case of worn roller-bearings, where the friction could not be 
determined very closely, that effect would no doubt be very much 
greater. The flexural stresses induced in the abutments were usually 
quite small. 

Inertia effects from braking and possible earthquakes were best 
taken care of by providing stops, and that had been done, in the case 
of the bowstring-girder bridge at Silvertown, at the top of the 
cellular abutment. In the case of the bridge over the Tidal Basin 
entrance, the false quay had fulfilled the same function. With the 
type of road-surfacing adopted on the Royal Docks Approaches 
(continuous over the expansion-joints) it was unlikely that the stops 
would ever be called into play. 

Deflections of reinforced-concrete structures, as measured at 
striking of centering, approximated reasonably closely to the figures 
calculated on the assumption, firstly, that the concrete on the tension 
side remained whole out to the centre of the tension steel, and, 
secondly, that the concrete had a modulus of 4,000,000 lb. per square 
inch in tension and compression. The same result could be obtained 
by assuming that all concrete in tension remained sound, but using a 
somewhat smaller value for the modulus. In fact, generally, the con- 
crete did not crack even between the centre of the tension steel and 
the outer fibre, but since the tensile stress in that region was very near 
the ultimate, a flattening of the stress—strain curve took place with 
a consequent diminution of the effect of the tension concrete in 
reducing deflection. As taking account directly of the variable 
modulus was generally too complicated, it would seem logical to 
ignore the usually small amount of concrete between the centre of the 
tension steel and the outer fibre. 

Measurements of deflection taken on the Tidal Basin bridge had 
indicated that creep during the first 6 months had caused an increased 
deflection such as would result from the reduction of the concrete- 
modulus from 4,000,000 to 2,500,000 pounds per square inch. 

Sir Hartey Datrympie-Hay asked whether the officers of the 
Ministry of Transport could not in the future extend their activities 
to the making of surveys of all the underground pipes which were 
now beneath the various streets in London. He made the suggestion 
quite seriously, because if a client at the present time entrusted an 
engineer with a particular piece of work which might happen to. 
entail underground operations, the engineer had not the slightest 
idea what there was beneath the surface, and had to find out, which 
resulted in considerable delay. Such information, especially for the 
coming generation of engineers, would be most useful. 
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Mr. ALDINeTOoN, in reply to Sir George Humphreys, said that a Mr. Aldington. 
shght settlement had occurred at one particular point near the 
Canning Town railway-station, but it was quite negligible and had 
been easily dealt with. From the general point of view of road traffic 
he agreed that roads ought to be carried across other roads at 
different levels wherever that was practicable, and he would be 
interested to know which particular crossing Sir George had in mind, 
as the Ministry would no doubt see what could be done about it. 

As Mr. Buckton had rightly said, if Sir Henry Maybury had not 
taken such a keen interest in the scheme when the London Traffic 
Advisory Committee had first been set up, it was somewhat proble- 
matical whether even now the Victoria Dock road would be in 
existence. One of the strong arguments which Sir Henry had used 
in those days was the tremendous advantage which would accrue to 
London as a whole, to the commerce of London, and particularly to 
the London docks, if the scheme were carried out ; on those grounds 
Sir Henry had made out a good case and, with the help of the 
Treasury, had been able to find the necessary money to start 
the scheme. He had been very interested to hear Sir David Owen 
state the results which had been achieved by the scheme. Those 
results would be apparent to anyone familiar with the area. He 
would like to say that, whilst Sir David Owen had stated that his 
Board had given the land free of cost and had done everything they 
possibly could do to assist the carrying out of the work, he had 
neglected to state that they had contributed a sum of £10,500 towards 
the construction of the spur-road leading to King George V Dock. 

_ Mr. Buckton had dealt to a certain extent with the question of 
the cost of the works, which had been considerably less than that 
estimated. There were a number of reasons for that, one being that 
the contracts had been let during the slump period: consequently 
there had been very keen competition, and the tenders received had 
been extraordinarily low. Another factor which Mr. Buckton had 
not mentioned, and which he (Mr. Aldington) thought had had a 
very great bearing on the cost of the scheme, was the very economical 
form of design which had been evolved for such a long continuous 
viaduct. His own view from the first moment he had seen the 
detailed drawings had been that it was extraordinarily efficient and 
effective. The completed work justified in every way the type of 
design which had been decided upon. The construction of a fixed 
bridge over the Tidal Basin entrance to the Victoria Dock, instead of 
a bridge with an opening span, which had been allowed for in the 
estimate, also contributed to the saving in the cost of the work. 

_ The costs given in the Paper only related to the engineering works, 
tn a scheme of such nature the cost of the property and land was 
very heavy, approaching £750,000. The whole history of the scheme 
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from the time the money had been raised did show the advantage, i 
carrying out engineering works, of going very carefully into all detai 
and particulars in the early stages. Before the Bill had got to t! 
stage of a Parliamentary Committee, all the interested parties, sus 
as the railway-companies, gas-companies, Water Board, electrici 
undertakings, Postmaster-General, and Lee Conservancy Board we — 
interviewed, and agreements reached with them quite apart from t] _ 
clauses of the Bill, which enabled the work to be handled with ea 
and efficiency when it came to be carried out. It was most importa: 
in carrying out engineering works that there should be a defini — 
understanding on such matters before starting. 
Further, ifthe contract documents and all the papers in connectic 
therewith clearly defined the positions of the various people affect« 
by the work, and the standing of the engineer, it made an enormo’ 
amount of difference in the avoidance of disputes and delays. - 
the particular case there were very few outstanding points le ‘ 
to be decided, and there had been no real difficulties, althoug — 
the negotiations had been very extensive. 
Mr. Buckton had referred to the cost of the testing machine; ] 
would like to mention that no difficulty had been found in persuad 
the Treasury that the expenditure incurred on that equipment W 
thoroughly justified. Mr. Du-Plat-Taylor had raised a question« 
the historical statements contained in the Paper. He would ha 


the Correspondence. 
Sir Harley Dalrymple-Hay had asked whether the Ministry 
Transport would like to undertake the task of getting out a plan 
London showing all the services which were under the streets. 1] 
did not know whether it was thought that the Ministry of Transpc 
had not enough to do already! His own experience, however, w 
that the Ministry would probably have to take on additional sti — 
to do that work. Whilst he agreed that it was desirable to get su 
information, he doubted whether anybody would be able to discoy 
what was underneath without actually digging up the roads. _ 
Mr. KeNNEDY, in answer to Mr. Du-Plat-Taylor’s question 
to the type of vibrator used and the method of use, said that 
special instrument had been employed for the purpose, but or 
whatever suitable type of light riveting hammer, or similar ha 
the contractor had happened to have. The vibration had 
applied to the outside of the forms and had been carried on genera 
for a few minutes until the concrete had been thoroughly const 
dated. He had visited the Public Works Exhibition in order 
discover if any of the makers of such tools had a special vibra 
the purpose, but he had not been able to get particulars of a 
«*x The Correspondence will be published later.—Sxc. Inst. C.E. 
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ORDINARY MEETING. 
21 January, 1936. 


Mr. SYDNEY BRYAN DONKIN, Vice-President, 
in the Chair. 


The Cuairman: Gentlemen, I will ask you to take the 
Minutes of the last meeting as read. 


[Agreed to.] 


The CHarrman: Having regard to the death of our 
beloved Sovereign and illustrious Patron, His Majesty King 
George the Fifth, the Council have no doubt that the members 
present will concur in the decision not to proceed with the 
business of this Ordinary Meeting. I am sure that you will 
agree with me that, as our late King was so great a friend 
of the working and professional classes and was interested in 
engineering works, having been an Honorary Member of this 
Institution as Prince of Wales, we, the members of the Senior 
Institution, will desire to express our sincere devotion to his 
memory, and that by postponing our business to-night we are 
showing this reverence by the one means that is available. 

The meeting is accordingly adjourned, and no further 
meetings will take place at The Institution until after the 
funeral of His late Majesty. 
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Paper No. 4999. 


“Sedimentation and Anaerobic Digestion of Sewage-Sludge 
at Colac, Echuca, and Mildura, Australia.” 


| ‘By the late Epwarp Tomas Mervyn Garuicx, M. Inst. C.E. 


(Ordered by the Council to be published without oral discussion.) 
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The purpose of this Paper is to describe the sedimentation and 
digestation of sewage-sludge with surplus activated sludge at Colac, 
Echuca, and Mildura, Australia, and to give the results of sedi- 
mentation and digestion obtained in the operation of the works from 
the Ist September, 1931, to the 3lst August, 1933. 


SEWAGE-TREATMENT IN VICTORIA. 


In Australia there has not been the development in sewerage 
work that there has been in other branches of engineering. With 
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a view to facilitating the sewering of provincial towns in Victoria, 
the legislature has passed the Sewerage Districts’ Acts, 1915 and 
1925. 

In Table I is shown the population of all sewered cities or towns in 
the State and the type of treatment used. 


TABLE I. 
City or town. SSA pee Type of treatment. 

Melbourne . . . 958,167 No presedimentation. Broad irrigation 
for 8 months of year, ponding areas and 
discharge of effluent into Corio Bay for 
remainder of year. 

Geelong. . . . 46,000 Ocean outfall. 

Ballarat. . . . 38,000 Sedimentation. Separate digestion. Gas 

on not collected. Sludge not heated. 

completion Percolating filters. Effluent discharged 

ot into Leigh River, a tributary of the 
works Barwon River. 

Bendigo. © =. . 26,000 Sedimentation and separate digestion. 
Gas not collected. Sludge not heated. 

MOON 1s ss 5,805 Imhoff tank and Simplex bio-aeration. 

’ Part gas utilized to drive bio-aeration 
plant. Balance burnt. 

iGHHOheas ss 4,338 Dorr clarifier. Separate digestion. Heated 
by hot water. No mechanical mixing. 
Simplex bio-aeration. Gases of fer- 
mentation burnt in hot-water heater. 

IMNGOTA SO ws 6,050 Dorr clarifier. Separate sludge-digestion. 

" Dorr type. Heated by hot-water coils. 
» Mechanical mixing. Simplex _bio- 


aeration. Gas of fermentation burnt 
in hot-water heater. 


Fig. 1, Plate 1, is a map of the State of Victoria: the names of 
provincial cities and towns that have been sewered are enclosed in 
a rectangle, and the names of those that are in the process of 
being sewered or for which designs have been prepared are shown 
underlined. It will be observed that practically all provincial cities 
and towns are situated on water-courses or bodies of water that 
are frequently used for water-supply purposes. 

In designing sewage-treatment works in Victoria it must be borne 
' in mind that :— 
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(1) All sewernee works, for economic reasons, must be on the 
separate system (rain-water excluded). Storm-water is 
provided for in separate channels or pipes. 

(2) The climate is hot in summer. 

(3) Offensive odours must not be allowed to occur. 

(4) Water is scarce and precious; any existing supplies must 
not be contaminated. Accordingly a high standard of 
sewage-purification is required. 

(5) In practically all cases either the whole or part of the 

: sewage will have to be pumped. 

(6) The cost of electricity is high ; for instance in Colac, for the 
year 1932, the cost of electric current for sewerage pupae 
averaged 1-36d. per unit. 


Recorps Kept. 


Before designing the Colac works the Author, in 1924, visited 
typical works in England, Germany, and South Africa, and before 
designing the works for Echuca and Mildura he, in 1928, visited 
typical works in England and Germany, United States of America, 
and Holland. 

So that reliable comparisons might be rade of the results obtained 
at the Colac, Echuca, and Mildura works, the following observations 
have been made and recorded since the works were put into operation. 

(a) Number of tenements connected to the sewers, and estimated 
contributing population adjusted to the end of each 
month. 

(b) Daily flow of sewage. 

(c) Daily maximum shade-temperature, daily minimum tempera- 
ture, and daily mean temperature. 

(d) Rainfall, daily and monthly. 

(ec) Temperature of sewage and digesting sludge. 

(f) pH value of sewage and sludge from digestion-chamber. 

(g) Biochemical oxygen demand of sewage and effluent. 

(h) Settleable solids in sewage and effluent. — 

(2) Gas-production from the digestion of sewage-sludge and 
surplus activated sludge. 

(j) Analyses of gas produced during digestion. 

(k) Dates of filling sludge-drying beds, shite et of sludge dried 
and water-content of sludge. 

(l) Board of Trade electrical units used for pumping sewage and 
-sewage-treatment. 

(m) Counts of B. Coli colonies in lactose neutral-red bile-salt 
(McConkey’s) agar in sewage and effluent. on 


—— 
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(n) (Colac only). Dissolved-oxygen content of lake-water into 
which effluent is discharged. 

(0) (Colac only). Presence or absence of B. Coli in varying 
quantities of lake-water. 


GENERAL. 


Colac is an important dairying centre situated on the banks of 
Lake Colac, a sheet of water about 20 miles in circumference and of 
an average depth of about 6 feet. It is 92 miles distant from Mel- 
bourne, the State Capital. The climate is cold in winter and 
moderately warm in summer. Preliminary plans and estimates for 
sewerage were prepared in 1922, and the Authority was constituted 
after taking a poll of ratepayers in 1923. Construction-work was 
started in November, 1926, and the connection of houses in 
November of the following year, when the treatment-works were 
put into operation. Over 1,000 tenements were connected before 
the end of 1928. 
Echuca is one of the oldest towns in Victoria. It is situated at the 
_ junction of the Murray and Campaspe rivers, where the Murray is 
at its least distance from Melbourne. Before the construction of the 
_ railway-line from Echuca to Balranald in the Riverina, New South 
Wales, it was the second port in the State, but, owing to the wool- 
and wheat-traffic being diverted to the railway, river-shipping has 
now decreased considerably. The climate is hot in summer, and in 
winter the days are usually warm, but nights cold. The preliminary 
plans and estimates were prepared in 1926 and the Authority was 
constituted in 1927. Construction-work was begun in October, 
1929, and the treatment-works were put into operation in January, 
1931, when the work of house-connection was commenced. 

Mildura is situated on the river Murray about 360 miles from 
Melbourne. It is the centre of a large irrigation-district specializing 
in the growing of citrus fruits and fruits for drying. The climate is — 
very hot in summer and similar to Echuca in winter. The pre- 
liminary plans and estimates were prepared in 1928 and the Authority 
constituted the same year. Construction-work was started in 
February, 1930, and house-connection work in February, 1931. 

Population Connected to the Sewers.—On the 31st August, 1933, the 
contributing populations were as follows :— 
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FiLow or SEWAGE. 


Figs. 2 show curves of the daily flow of sewage in Imperial 
gallons per head of population, and the maximum daily shade- 
temperature, both averaged for each month of the period under 
review, and the monthly rainfall in inches for each of the three 
towns. It will be observed that, at Colac, the spring rains appear 
to affect the flow, probably either because of leakage through 
the joints of manhole-covers, or owing to householders having 
connected some of the downpipes from roofs to the gully-basins. 
This is prohibited under the byelaws, but nevertheless it is sometimes 
done. 

In Echuca there appears to be a close relation between the curves 
_ of the daily flow and the maximum shade-temperature, probably 

owing to extra baths and clothes-washing during the hot weather. 

_ The rainfall does not appear to affect the flow of sewage. 

At Colac the flow is measured by passing the effluent over a 
rectangular weir on which there is a Lea-type recorder; daily-flow 
sheets are automatically taken, and the total and average daily 
flows are recorded monthly; records are available since the first 
house-connection was made. Owing to the fact that the effluent, 
and not the sewage, has been measured, a very small error in the 
flow per head per day has resulted. This has been disregarded. 

At Echuca the sewage-flow is measured at the main pumping- 
station by counters that record the number of ejections of sewage. 
There is also an operation-recorder, which shows on a chart the times 
of ejections: this was considered necessary in order that the rate 
of flow might be accurately determined. 

At Mildura a recorder of the Lea type is installed to measure the 

_ effluent ; it did not operate satisfactorily until November, 1932, so 
that Mildura records of flow have only been automatically recorded 
since December of that year. However, during the months of April, 

May, October, and November, 1932, several series of careful gaugings 

were made, and from them the Author originally estimated the flow 

for that year to average 36 Imperial gallons per head per day. 

From measurements for the year 1933 (January to December in- 

elusive) the average flow was 35-1 gallons per head per day. 

When considering plans for the sewering of a provincial town 
under Victorian conditions, a close forecast over twelve months of 
the flow of sewage in Imperial gallons per head per day can be made 
p by multiplying the mean air-temperature in degrees centigrade at 

_ the town, over a period of years, by 2:2. 
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STRENGTH OF SEWAGE. 


_ The biochemical processes for the treatment of sewage are now so 
well systematized that an accurate estimate of the volume that 
can be dealt with in a plant of unit size may be based upon the 
results of a quantitative chemical analysis of an average sample of 
the sewage. The particulars relating to chemical composition 
should, of course, be as full as circumstances will allow, but, in the 
absence of complete information, a knowledge of at least two cha- 
racteristics of the sewage—the proportion of settleable solids and the 
“ strength ” of the sewage—is necessary. 

Setileable Solids—The simplest test for settleable solids consists 
in allowing 1 litre of sewage to settle for 1 hour in an Imhoff cone 
(a funnel-shaped settling-glass holding 1 litre, and graduated at the 
narrow end in cubic centimetres). This is, of course, primarily a 
volumetric test, which indicates the proportion of settleable solids 
obtainable from sewage, and it is of considerable value in designing 
sedimentation-tanks. Observations made under Australian con- 
ditions have indicated that the sludge that separates in an Imhoff 
cone contains approximately 2-5 per cent. of its weight of dry solid 
matter. By means of this test, therefore, it is possible to estimate, 
with a considerable degree of accuracy, the dry weight of the settle- 
able solids recoverable from a given volume of sewage. It would, 
perhaps, be preferable to determine the total amount of suspended 

‘solids by the standard gravimetric method, but the latter is a much 
more elaborate test. In the present investigation the Imhof{-cone 
test was used exclusively for the estimation of settleable solids. 

The “ Strength” of Sewage.—The strength of sewage is expressed 
in terms of the amount of oxygen required to oxidize biochemically 
its organic matter and ammonia. The so-called “long aeration ” 
method, based upon Dr. W. EH. Adeney’s fundamental investigations, 
is now seldom used in practical work owing to the time required for 
its completion. Dr. G. McGowan’s approximate method of esti- 

mating the strength of sewage is available as an alternative. This 
_ method necessitates the determination of the 4-hour “ oxygen- 


absorption” value of the sewage, in addition to its ammoniacal | 


and organic-nitrogen contents. Suitable facilities not being avail- 
able during the course of this investigation for carrying out these 
tests, recourse was had to the so-called biochemical-oxygen-demand 
test to provide the necessary data. This test is also based upon 
Dr. Adeney’s researches. 

The biochemical oxygen-demand (generally termed the B.O.D.) 
of a sewage or effluent is the oxygen required during stabilization of 
its organic matter by aerobic bacterial action ; it is usually expressed 


~ 


——— 
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in parts per million. In order to obtain the B.O.D., the sample is 
diluted with oxygen-saturated water and the dissolved-oxygen 
content of each dilution determined before and after incubation. In 
order to obtain dependable results a sewage should be incubated for 
not less than 10 days at 20° C., and an effluent for not less than 5 days. 
The B.O.D. for the period of incubation is converted to the ultimate — 
B.0O.D. as follows :— 


Ultimate B.0.D. = B.O.D. for period of incubation x 100. 
; Percentage stability for period of incubation. 


The percentage stability may be scaled off the accompanying 


Fig. 3. 
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graph (Fig. 3), which was drawn from the percentages of relative 
stability given in “ Standard Methods of Water Analysis.” 1 
The completion of the first stage of oxidation, or stabilization, of 


_ sewage is reached, under the conditions of the test, in 20 days, but it 


is not necessary to extend the period of the test beyond 10 days. 
It has been clearly demonstrated that the rate of oxidation at any 
instant is directly proportional to the amount of organic matter 
present in the sample. From this it follows that the amount of 
oxygen required for the stabilization of the organic matter is indepen- 
dent of the dilution of the sample, and that, within wide limits, the 
oxygen-demand of a sample and the rate of dissolved-oxygen con- 


1 6th Edition, p. 76 (Published jointly by the American Public Health 


_ Association and the American Waterworks Association). New York, 1925. 
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sumption is independent of the amount of dissolved oxygen present. 
This test is a relatively simple one and is now being used widely for 
aiding judgment in sewage-disposal operations. 

Table II shows, for the period under review, the average daily 
flow per head per day, the dry weight of settleable solids, and the 
ultimate biochemical oxygen-demand in parts per million of sewage 
and in grams and pounds per head per day. 


Tase II. 
Average daily flow Settleable solids, dry Biochemical oxygen 
per head per day : weight. demand. 
sh Lit zmp. || Seeredl teeta lodey | | pers Loca erage 
: : er ead : ay: : : 
eres: | gallons. million. grams, | pounds. million. grams. | pounds. 
Colac 120 *26-46 329 39:5 | 0-087 545 65-4 | 0-144 
Echuca 155 ¥*34-05 247 38:1 | 0-084 405 62-5 | 0-138 
Mildura 170 735-10 285 45-4 | 0-100 422 67-1 | 0-148 


Average . 148 31-87 — 41-0 | 0-090 — 65-0 | 0-143 


* Automatically measured from the 1st September, 1931, to the 31st August, 
1933. 
+ Automatically measured from the 1st January, 1933, to the 31st December, 
1933, and adopted as the flow per head from the 1st September, 1931, to the 
31st August, 1933. 


The figures given in Table II for settleable solids and biochemical 
oxygen-demand are only to be taken as approximate, owing to 
difficulties experienced in sampling the pumped sewage. The 
figures for biochemical oxygen-demand are probably a little low, 
as the sewage was chlorinated during summer months at the three 
towns, in order to prevent it reaching the treatment-works in a 
septic state. It has been found practically impossible to obtain 
an effluent of the necessary standard if sewage reaches the treat- 
ment-works in a septic condition. 

In each case chlorine is added to the sewage before it is pumped. 
The dosages are usually as follows :— ; 


Colac . . . . . 4 parts per million during 24 hours. 
Echuca . . . . 4 parts per million between 8 a.m. and 5 p-m. 
Mildura) . . . . 6 parts per million during 24 hours. : 


2 


AGE oF SEWAGE WHEN TREATED. 


In order to determine the rate of flow of sewage in the sewers and 


rising main, and the age of the sewage when treated, extensive 
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fluorescein flow-tests have been carried out. Some of the results 
obtained were shown in the Journal of the Institution of Engineers, 
Australia. From these tests Table III was computed. 


TasueE III. 
en ee ee Tone: 


Age of sewage: hours. 


Town 
Minimum, Maximum, Mean, 
Colac 24 6 3t 
Echuca > 4 3 
Mildura 2 6 4 


FLow-SHEETS. 


Figs. 4 (p. 60) are flow-sheets for the treatment of sewage at 
the Colac, Echuca, and Mildura works respectively. At Colac, 
sedimentation and digestion are carried out in an Imhoff tank, 
whereas, at Echuca and Mildura, Dorr traction-clarifiers are used 
for sedimentation, and digestion is carried out in separate sludge- 
digestion tanks; in both cases the sludge is heated, at Echuca 
by hot water discharged into the digestion-tank and at Mildura 
by hot-water coils. In both cases the water is heated by the gas 
drawn off from the digestion-tank itself. 

At Mildura the sludge is stirred at the bottom and the scum is 
broken at the top by a Dorr mechanism, so as to mix the incoming 
sludge with the digesting and digested sludge. 

At Echuca the digested, digesting, and fresh sludges are mixed by 
the rising gas: this has to be seen to be comprehended. Recently 
the Author had occasion to have the Echuca gas-hood removed 
whilst some alterations were being carried out, and had the oppor- 
tunity to observe this characteristic. 

In all cases surplus activated sludge is pumped to the nceiom 
tank, and the gases resulting from the fermentation of activated and 
sewage sludges are utilized or burnt, and, further, the gas is laid on 
to the chemical laboratories for heating-purposes. 

At all works the “‘ Simplex” bio-aeration process is used for the 

nitrification of the sedimented liquors. This process was chosen on 
- account of its economy in power and the weak to medium character 
of the sewage. 

At Colac the settling-area is beiwesk a baffle and external wall ; 
_ at Echuca and Mildura there are separate settling-tanks. 


a 1 Vol. 5 (1933), p. 270. 
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Rate of Flow.—The rates of flow expressed in Imperial gallons 
per head per hour are shown for the three towns in Fig. 5. The 
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curves for Colac and Echuca have been calculated and drawn from 
typical daily-flow records over the period under review. The curve — 
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for Mildura has been calculated and drawn from typical flow-records, 
taken between the 1st December, 1932, and the 31st August, 1933. 


Fig. 8. 
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TEMPERATURE-RECORDS. 


All meteorological records have been supplied by the Common- 
wealth meteorological bureau. A summary of the temperatures 
obtained throughout the period under review is shown in Table IV. 

The summer climate at Mildura is very hot, the maximum shade- 


Tasie IV. 


Mean digestion 


Mean air: Mean sewage : chamber: 


B 
3 
Latitude : 
degrees 
south 


2, a en) er ee 


Colac . | 383 | Max. monthly 


OE 


es | 


Mildura . | 34:2 | Max. monthly 
average 96 35-5 | 74:3 | 23-5 | 83 28-4 


Min. mon. ay. 50-6 | 10-3 | 60-8 | 16-0 | 61 16:1 
Mean ,, 55 62-9 | 17-1 | 66-4 | 19-1 | 76:3 | 24-6 
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temperature being about 110° F. ; at Echuca it would be about 4° F. 
less. 
The ratios of the mean air- and sewage-temperatures are :— 


Colao) 4.0 a ee eee 1: 1-26 
Wohuca i'n ps eee 
Mildura... Se ortt | ae eee kee eel 


The hotter the climate the less is the ratio, and the less the latitude 
the hotter the climate. ne 

A knowledge of the probable temperatures of the sewage 1s 1m- 
portant in the design of sewage-treatment works for towns not 
already sewered. Monthly records of maximum and minimum air- 
temperatures over periods of from 20 to 60 years are available for all 
parts of Australia at the Commonwealth meteorological bureau. 
These figures, and others, have been published as “ Meteorological 
Data ” by the Council of Scientific and Industrial Research. With 
the help of ‘“‘ Meteorological Data,” a close forecast of the probable 
annual mean temperature of the sewage of any town in Victoria 
can be made with the use of the following formula :— 


Let 7, denote the annual mean air-temperature in degrees cen- 
tigrade ; 
T, denote the annual mean sewage-temperature in degrees 
centigrade ; 
¢ denote the number of degrees in latitude 8. of the town to 
be sewered. 


Then T.= eae 
Throughout this Paper annual mean temperatures have been taken 


as the average of the monthly means throughout the year, and not 
the usual meteorological practice of 


Maximum monthly temperature -++ Minimum monthly temperature 
2 


Basis oF DESIGN oF SEWAGE-TREATMENT PLANTS. 


The times of detention in the various units in each of the three 
works, at average rates of flow over 24 hours for the present popula- 
tion and population designed for, are set out in Table V, together 
with sludge-storage capacities of digestion-chambers. 

When the above designs were originally made, the intention was 
that, when the bio-aeration tanks became overtaxed, compressed air 
should be blown through the activated sludge to assist nitrification. 


It was also realized that the Dorr clarifiers would be much more ~ 
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TABLE V. 


——— 


Times of detention: hours. 


Digestion- 
panes sludge- 
Population. Final settle- | _ Sv0orage 
Sedimenta- ae apeas ment of capacity 
. Nitrification. H bie feet 
tion. activated | Yor head. 
43 Le) as Ls} GS) $ oS 
& Lig ea ge a 
Colac . . | 5805 | 10,000 | 1-75 | 1-03 | 18 10-45 | 6-17 | 3-59 | 1-67 | 0-97 
Echuca . | 4838 7,000 | 2:38 | 1-29 | 138-06 | 7-96 | 3-83 | 2-08 | 1-46 | 0-92 
Mildura . | 6050 | 15,000 | 3-42 | 1-37 | 17-60 | 7-10 | 3-71 | 1-50 | 2-75 | 1-11 


efficient than the sedimentation-channel of the Imhoff tank in 
removing settleable solids. This has been borne out by the results 
obtained: on the average about one-third more settleable solids 
are removed in the Dorr clarifier than in the sedimentation-channel 


of the Imhoff tank. 


StupGeE-DigEsTION (GENERAL). 


In Figs. 6 (p. 64), the total production of gas has been plotted 
against the digestion-chamber and mean air temperatures. In 
addition, in order to explain the low gas-production under favourable 
temperature and fair pH conditions at Mildura in the summers 
- of 1932 and 1933, the weight of dried sludge removed per person 
per month has been shown on each graph. It will be seen that 
an excessive amount of sludge was removed at Mildura. 
From a study of Table IV and Figs. 6, it is possible to form an 
_ opinion as to the optimum temperatures for sludge-digestion and gas- 
production. 


SEDIMENTATION OF SEWAGE aT CoLac. 


Fig. 7, Plate 1, shows the general plan of the treatment-works at 
Colac. The Imhoff (or Emscher) tank is a two-storied septic tank 
consisting of an upper chamber, in which sedimentation of the settle- 

- able solids takes place, and a lower chamber where the settled solids 
are digested and gasification occurs. The two chambers are separated 
_ by the walls and bottom of the sedimentation channel, so that the 
_ sewage does not come in contact with the digesting sludge. The 
- flowing sewage helps to keep the digestion-chamber warm. In the 
_ bottom of the sedimentation-channel there are slots through which 
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the settled solids fall into the digestion-chamber, where they are 
continually mixed with the digested and digesting sludge. Below 
the slots there is a gas-seal, which prevents the gases of fermentation 
rising through the settling sewage in the sedimentation-channel and 
hindering settlement. The gas passes up between the walls of the 
channel and the sides of the tank to four gas-collectors, whence it is 
drawn off and either used for power or burnt. 

The Imhoff tank at Colac (Figs. 8, Plate 1) was designed by the 
Author after conferring with Dr. Karl Imhoff in 1924. It is of the 


_horizontal-flow type with two circular digestion-chambers connected 


by a submerged opening ; internally it is similar to the one built by 
Dr. Imhoff at Kettwig in the Ruhr; externally it is different, in that 
the supply channels are built separately from the tank. Originally 
it was intended that the Colac tank should serve a population of 
10,000 people: this was about twice the population of the town 
when the works were put into operation. 

After the tank had been in use for about 12 months it was found 
that, in summer months, septic action was taking place in the sedi- 
mentation-chamber. At the time, the period of detention there was 
about 5 hours. Offensive odours occurred in the vicinity, where 
there were about forty houses within 4 mile of the works. This 
trouble was overcome as explained under the heading “ Sludge- 
Digestion at Colac” (p. 66). If it be found necessary to increase 


the time of detention later, due to an increase in the population, 


one or both of the walls of the new channel may be removed. 

From tests made over 5 years the Author would say that the 
removal of settleable solids, as measured in the Imhoff cone after 
1 hour’s settlement, has averaged between 66 and 67 per cent. 

There are four baffles (which hold up a considerable amount of 
scum) placed across the new sedimentation-channel. The baffles 
are removed three times a week and the scum is then sluiced away, 
sun-dried and burnt. 2,160 cubic feet of scum were removed for 
the year 1932. The water-content of the scum is usually about 


_68 per cent., and about 16 per cent. of the scum is fat (soluble in 


ether). The ash-content is about 3 per cent. 
The direction of flow in the sedimentation-channel is reversed 
every 2 weeks, so that there may not be an undue accumulation of 


_ sludge at one end of the tank. As an additional precaution there is 


an opening 12 inches in diameter between the two circular digestion- 


chambers, 13 feet above the bottom of the chamber. The tank is- 


automatic in operation; no sludge accumulates in the sedimen- 


tation-channel and about two-thirds of the settleable solids in the 


‘sewage continually fall through to the digestion-chamber. The 


; 
q 


vertical sides of the sedimentation-channel are rubbed down with 
2 


oo 
3% oe 
7 
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squeegees, usually three times a week. Gasification is not at any 
time allowed to occur in the sedimentation-channel. 


SLUDGE-DIGESTION AT COLAC. 


The temperature of the digestion-chamber of the Imhoff tank 
varied, through the two years covered by this Paper, between 
63° F; in summer and 56° F. in winter. It was within 1° F. of the 
temperature of the sewage except in the months of January, 1932 
and 1933, when the sewage was 3° F. hotter, and in the months of 
July:and August, 1933, when the temperature of the sewage was 
2° F. less. sigs 

The water-seal on the hood of the gas-collector is 12 inches.. The 
water-pressure of the gas at the recording meter was almost always 
equivalent to 10 inches, say 19 millimetres, of mercury. The mean 
absolute pressure of the gas, as measured throughout the 2: years 
covered by the Paper, may be taken as 779 millimetres. . 

From Figs. 6 it will be observed that the maximum rate of flow of 

-gas occurs when the digestion-chamber contains plenty of digested 
and partially-digested sludge, and when the temperature is about 
63°F. Troughs on the gas-curve occurred in January and February, 
1932, and March and April, 1933, after the digested sludge had been ~ 
drawn off, Another trough occurred in October, 1932.. The fall in 

' the mean temperature may have had some effect on this, or more _ 
likely the production of gas was retarded by the chlorination of the 
sewage, which is usually commenced at Colac in that month. . 

‘Sludge is always drawn off in Colac to a system (weather per-— 
mitting) ; two beds per month in November, then four in December, 
January, February, and March, two in April and then one per 

-month from May till October inclusive. The temperature of the 
‘sludge was measured at the siphon-outlet, the sludge being allowed 
to run for a minute or so before the readings were taken. __ 

During the period under review over sixty tests of the sludge have 
been made for pH value; it has always varied between 7:2 and 7:6. — 
The Hellige comparator was used for making the tests with 
Bromthymol Blue and Phenol Red as indicators: these were usually 
used as a check against each other. In order to obtain a pH reading 
the sludge had either to be considerably diluted or centrifuged. ° 

All sludge-samples had necessarily to be taken at the siphon- 
outlet, as, with the type of tank used, it was not possible to obtain | 
‘them at intermediate depths. The water-content of the sludge 
usually varied between 88 and 89 per cent., the lowest recorded 
being 83-7 per cent. The sludge is of a black colour and tarry odour. 
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It can be air-dried throughout the year, though more quickly in the 
warmer months. 

The Imhoff tank was put into operation in November, 1927. The 
tank was not seeded with digested sludge, but, after the first 
8 months, lime was added from the top through the sludge-discharge 
siphons. 

Foaming has not occurred at any time because floating scum 
below the gas-collector chamber is automatically kept. wet, so that 
the gas can pass through it. Suitable gas-holders are installed and 
the gas is automatically drawn off. The wooden bottom to the gas- 
holder is rectangular in plan; in other respects it is similar to the 
round one at Echuca, shown in Figs. 12, Plate 2. Gas can pass 
through, but floating sludge cannot. 

During the second summer after the works were put into operation, 

there were many complaints from residents in the vicinity about 
the prevalence of offensive odours. When the works were originally 
designed, the Author provided for chlorination of the sewage, so 
that it would not reach the works in a septic condition. The 
‘members of the Sewerage Authority were so pleased with their 
works that they did not desire (in the absence of the Author on a 
visit overseas) to go to the expense of a chlorination plant. On 
making investigations on his return it was found, 


(1) that during the hot months the sewage was septic on 
reaching the treatment-works, but not seriously so ; 


(2) that septic action was taking place in the sedimentation- 
chamber of the Imhoff tank, where the detention period 
was too long ; 


(3) that the gases of fermentation, containing a considerable 
amount of sulphuretted hydrogen, were escaping into the 
atmosphere from the gas-holders. - : 


These troubles were rectified by 


(a) installing a chlorinator, which discharges, at the will of 
the operator, either into the wooden rising main or into 
the pump-well. The dose, which is usually 4 parts per 
million, is applied throughout the 24 hours of the day. 
during the summer months. In order to clean up the 

; rising main, a dose of 20 parts per million was neces- 
| sary for the first week, 10 parts per million for the 
second week and then the normal dose. At the time of 
commencement of chlorination the activated sludge in 
the Simplex bio-aeration tanks was septic, and it was 
considered that a little chlorine would do it no harm. 
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(b) reducing the sedimentation-channel to 4 feet width and 
hence reducing the time of detention from 5 to 1*75 
hours. 


(c) installing a gas-burning unit. The escape of the gases 
of fermentation containing sulphuretted hydrogen into 
the atmosphere was the root of the trouble and was 
probably accentuated by the sewage being septic. 


There has been no complaint of offensive odours since these 
measures were taken. 

Since the gas-burning plant has been installed over 5,000,000 cubic — 
feet of gas has been burnt. The gas was drawn off from the gas- 
holders to the gas-house, where it was first passed through a water- 
trap, then measured in a standard meter, then passed through a 
flame-trap with a parchment top and a pressure-relief trap (in case 
of a blow-back), and finally burnt in a furnace. 

In order to ascertain whether sufficient power could be obtained 
from the gas to. operate the Simplex bio-aeration plant, the flow of 
gas was continuously measured for 4 years and analyses and measure- 
ments of the calorific values of the gas were made at intervals. 
It was found that the maximum amount of electrical energy used 
in any month during this period, was 1,500 Board of Trade electrical 
units with 1,400 as an average, say 2 units per hour. It was con- 
_ sidered that the power available was more than ample for the work. 
A 43-HP. “ National’’ gas-engine (Type K) was installed in July, 
1933, and has been in daily use, between the hours of 8 a.m. and 
5 p.m. since the middle of August of the same year. Utilization of 
the sludge-gas is saving the Colac Sewerage Authority about £70 
per annum for electricity purchased from the State Electricity 
Commission, and only about 20 per cent. of the gas generated is 
required for the gas-engine. For the first few weeks, difficulty was 
encountered in getting the engine to develop the necessary power, 
but this was overcome by draining off the water from the gas before 
using it, by the substitution of a magneto for the original Bunsen 
ignition, and by increasing the diameter of the gas-main. 

The original intention was to dry the gas by passing it through 
calcium chloride, and to eliminate sulphuretted hydrogen by passing 
it through broken bog-iron ore, but it was found that too much 
pressure was required for the purpose. 

The proper mixture of sludge-gas and air was at first difficult to 
adjust on account of the richness of the gas—its calorific value being 
about 60 per cent. greater than that of Melbourne town-gas. The 
measured calorific value of the Colac gas taken with a Wright 
calorimeter varied between 783 and 810 B.Th.U. per cubic foot. 
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A typical analysis of the gas is :— 


Menon, Saree tye WR Rens, So 979.7 per cent. 
Parbondioxide = Paes hen SS hk le ew 1B 5 
PAV OPeNE Et oe eg, acy Nil, 

Warbon monoxide= ". 9.) 20. Witt 
BCOvonume ae Metre eters Al Doro 2B f 


For the first 5 months that the gas-engine has been operated the 
consumption of gas has averaged 75 cubic feet per hour, so that 
1 kilowatt-hour has been equivalent to 37} cubic feet of gas. A 
higher efficiency could no doubt be obtained, but is not sought after 
as there is plenty of gas to spare that has to be disposed of by burning 
to prevent sulphuretted hydrogen escaping into the atmosphere. 


SEDIMENTATION OF SEWAGE AT EcuHuca. 


_ The sewage on reaching the treatment-works (Fig. 9, Plate 2) 
is coarse-screened through a wooden screen with openings 2 inches 
wide. It then passes to the Dorr clarifier, which operates throughout 
the 24 hours of the day. 

The Dorr traction-clarifier (Figs. 10, Plate 2) is a sedimentation- 
basin equipped with scrapers for the continuous collection and con- 
centration of the sewage-sludge, which is removed at intervals to 

the separate digestion-tank by means of a Dorr diaphragm-pump. 

The clarifier-basin is 20 feet square in plan, with corners rounded off 
to a radius of 4 feet 9 inches. The side-water-depth is 6 feet. The 
bottom of the clarifier in the rounded corners is level, and from 
the circumference of the inscribed circle slopes down to the middle 
with a batter of 1 vertical to 12 horizontal. 

The clarifier-mechanism consists of four radial arms with rakes, 
which are equipped with adjustable brass squeegees, the rakes being 
set at an angle of 118 degrees to the arms. The rakes sweep the 
floor and collect the sludge at the sump in the middle of the clarifier ; 
a special arm and rake sweeps out the four corners and carries the 
sludge over the level floor, so that it can be brought to the sump in 
the middle of the clarifier by means of the rakes on the radial arms. 
One revolution of the mechanism, the operation of which is con- 
tinuous over the 24 hours, takes 13 minutes. 

From tests made over a period of 2 years the removal of settleable 
solids has averaged 87 per cent. The minimum observed water- 
content of the sludge removed was 93-9 per cent., although it usually 
varied between 96 and 97:5 per cent: most frequently, it approached 
the latter figure. The sedimented liquor is drawn off on the side 
opposite to the intake, over an adjustable weir placed in the 
channel behind the wall of the clarifier. 

Unless there is a danger of the sewage in the clarifier becoming 


ss h 


70 GARLICK ON SEDIMENTATION AND 


septic, the settled sludge is removed twice daily only, morning and 
afternoon. At every operation of the Dorrco diaphragm sludge- 
pump, sludge-liquor is displaced from the digestion-tank, and originally 
this was run back to the clarifier. It was found that this overflow- 
liquor caused bulking of the activated sludge in the bio-aeration 
tanks; the practice was then discontinued and the overflow dis- 
charged on pasture-land, being sluiced over it either by the effluent _ 
or by purchased irrigation-water. From the foregoing it will be seen 
that this overflow is difficult to deal with, so an endeavour is made to 
discharge the minimum quantity. It is found that by operating 
the sludge-pump for about 30 minutes twice daily the settled solids — 
in the clarifier are satisfactorily removed and the smallest possible 
amount of overflow sludge-liquor from the digestion-tank is displaced. 
A special tap is provided in the delivery-main for the sampling of the 
sludge. adie Gees 
The electrical energy required for the operation of the clarifier 
amounts to, on the average, 10 units per day, and for the Dorrco 
diaphragm sludge-pump 2 units per day. The latter is used for 
three purposes :— i 
(2) Return of activated sludge to the Simplex bio-aeration- 
tanks. 


(6) Pumping of surplus activated sludge to the digestion-tank. . 


_. (c) Removal of fresh sludge from the clarifier to the digestion- 
oo tank, 


SLtupGE-DicEstion at Ecuuca. 


Fresh sewage-sludge from the clarifier and surplus activated sludge 
from the settling-tank are pumped to the digestion-tank (Figs. 11, 
Plate 2) by the same Dorrco diaphragm-pump. . 

' The sludge-digestion tank was put into operation in February, 
1931; by the end of August of the same year when records given in 
this Paper were commenced, 3,120 people were contributing to the 
sewage-flow. The digestion-tank is 24 feet in diameter and 233 feet 
in depth from the bottom of the gas-holder ; the sides are vertical 
for a depth of 16 feet and then are battered 14 horizontal to 1 vertical 
for a vertical depth of 7} feet. The digestion-tank is heated by hot 
water drawn from a Gardner and Naylor hot-water heater ; the water 
in it is heated by the sludge-gas drawn off from the digestion-tank 
itself. Before the gas is burnt it undergoes the same treatment as 
at Colac.’ The sludge-digestion tank is provided with a fixed 
reinforced-concrete top, covered with an average depth of 18 inches 
of sawdust to help to conserve.the heat in the tank. _ 
The temperature in the middle of the digestion-tank, 16 feet above 
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the bottom, is automatically recorded in the chemical laboratory by 
means of a Negretti and Zambra distant-type mercury-in-steel 
thermometer. The temperature of the digestion overflow has been 
repeatedly checked and has always been found to be the same as 
recorded by the above thermometer. Sludge is drawn off by means 
of a siphon. The first digested sludge was drawn off in March, 
1932, about 14 months after the first house-connection was made. 
The water-seal at the gas-hood (Figs. 12, Plate 2) is 10 inches; 
the pressure at the recording gas-meter averages 8 inches of water, 


equivalent to about 15 millimetres of mercury. Under ordinary 


conditions the mean absolute pressure of the gas as measured may 
be taken, for gas calculations, as 775 millimetres of mercury. 

The maximum monthly average rate of flow of gas, which occurred 
in October, 1931, before any sludge was withdrawn, was 22:6 litres 
per head per day at 25° C. and 775 millimetres. The heaviest rates 
of flow of gas, when the tanks were in normal operation (7.e. sludge 
being normally withdrawn), occurred in :— 


March, 1932, with 21-4 litres per head per day at 27° C. and 775 millimetres. 
March, 1933, 9 21-0 ” 2 ” ” 2” ” 


A typical analysis of the gas is :— 


Methanol ear mt mir er. We r L090) percent. 
Carbon dioxide eee, cemcutis e ee? 3 
Hydrogen . ‘ 1-6 5 
Carbon monoxide 1:8 BA 
Nitrogen 2-7 e 


The calorific value of the sludge-gas averaged about 690 B.Th.U. 


per cubic foot. The average gas-production per head is slightly 
higher than that obtained in Colac, but the calorific value of the gas 


is lower. 


Floating sludge. mainly consisting of matches, fruit-seeds, hair, 


- chaff, pieces of straw, wood and rubber, had to be removed on one 


occasion. To do this the gas-collector had to be dismantled and 


the floating scum removed through the gas-holder opening. 


This was found to be very inconvenient and it was decided to 


provide three cleaning-doors and additional sampling-places. Three 
holes 34 feet by 1 foot have now been cut in the concrete sides just 


a 


. 


below the bottom of the dome, equidistant around the circum- 


ference. Into these, steel frames have been put, on which doors are 


bolted. Sampling-pipes and taps have also been put in. 
Samples may now be taken at :— 


(a) The overflow weir. 


: 
5 _ (b) One-quarter depth of tank. . 
__(e) One-half depth of tank, : 


wa 


t 


- although, on occasions, when the gas-burning unit has been out of 
_ to leeward of the works. It is the intention of the Author to re- 


- contract with the State Electricity Commission for the supply of 


_ T feet. The time of detention is 3-42 hours at the average rate of 


17 minutes. The removal of settleable solids for the year 1932 — 


to approximately 94 per cent., principally on account of the plant- 
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(d) Three-quarters depth of tank. 
(e) Bottom of tank. 


It was observed when the walls of the digester were cut that the 
concrete had shown no signs whatever of disintegration. 

For the whole period of review the pH value of the digesting sludge 
has varied between 7:3 and 7-6. During June and July, 1931, the 
pH value on occasions fell to 5-5 and, when it did, lime was always 
added. The lime was put into the surplus activated-sludge man- 
hole and discharged into the digestion-tanks by means of the 
diaphragm-pump. The pH value of the overflow from the digestion- 
tank is generally 0-1 less than the pH value of the digested sludge. 
The water-content of the digested sludge as sampled has usually 
varied between 89 and 90 per cent. of water: the lowest water- 
content obtained was 84:7 per cent. The amount of digested sludge 
removed monthly in grams per head has been shown graphically in 
Figs. 6, p. 64. 

The sewage is pumped to the treatment-works from the main 
pumping-station by means of three ejectors, each of 100 gallons per 
minute capacity. There are fifteen residences within 4 mile of 
the works and no complaints of offensive odours have been received, 


commission (for instance, when the scum-removal doors were being 
fixed) there was a distinct smell of sulphuretted hydrogen 20 chains 


commend the installation of a gas-engine for operating the Simplex 
bio-aeration plant and Dorrco diaphragm-pump as soon as the 


electric power expires. 


SEDIMENTATION OF SEWAGE AT MinpuRA. 


Fig. 13, Plate 2, is a general plan of the Mildura treatment-works. 
A Dorr traction-clarifier similar to, but larger than, the one in 
use at Echuca, is used at Mildura. The tank is 26 feet square with — 
corners rounded as in the Echuca plant; the side-water-depth is 


flow. 
The time taken for one revolution of the Dorr traction-unit is 


averaged 82 per cent. During 1933 the efficiency was increased | 


operator becoming more skilful in his work. The water-content of — 
the raw sludge removed to the digestion-chamber has been practically — 
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the same as at Echuca. The time taken for sludge-removal is about 
50 per cent. greater than at Echuca. 

The power required for the operation of the Dorr clarifier has 
averaged 11 units per day of 24 hours. 


StupDGE-DicEstTion at MiLpuRA. 


Freshly-settled sludge is pumped from the Dorr traction-clarifier 
to a separate sludge-digestion tank (Figs. 14, Plate 2) by means of a 
Dorr diaphragm-pump similar to that used at Echuca. 

Surplus activated sludge is pumped to the digestion-tank by 
Simplex centrifugal sludge-lifters. The sludge-digestion tank is 
40 feet in diameter, of 15 feet 7 inches side-water-depth and 
16 feet 6 inches middle depth. The tank is heated by hot-water 
coils consisting of three galvanized wrought-iron pipes, 14 inch in 
diameter. The tank has a reinforced-concrete cover carried by two 
electrically-welded steel trusses. The gas is collected in a holder, 
passed through appliances similar to those used at Echuca, and burnt 
in an “ Ideal” boiler. The burnt gases are first passed through iron 
filings to prevent any sulphuretted hydrogen that may not have been 
burnt escaping to the atmosphere. Water is heated in the boiler 
and circulated through the coils by means of a 1-inch centrifugal 
pump (direct-driven at 1,420 revolutions per minute). The 
digestion-tank is built 8 feet into the ground and the walls are 
banked-up with excavated material above the natural surface to 
conserve the heat. 

The Dorr mechanism makes one revolution in 57 minutes and 


_ operates only between the hours of 8 a.m.and 5 p.m. The amount 


of electric current used per hour has averaged 0-8 unit. 
A typical analysis of the gas is :— 


MoLhaAnemewe mers ea 2. en tc |e «OOM percent. 
WanhiGuicdiGxiGe: means, ful mec ee cP 3.0 cas A 27S ne 
IyAtOpeiewes fe er fe aloe 5 i e  -A0 a 
Warbonimonoxige =e le cae Ge es ee. Nil: 

NitrOpeI awe eae LA A Ree ee 2 BS ah 


The calorific value of the gas averages about 650 B.Th.U. per cubic 
foot. The presence of hydrogen shows that acid fermentation has 
been taking place; this has been borne out by tests of the pH 
values of the sludge (Table VI, p. 74). 

The Mildura sludge-digestion tank has not been worked to the 


best advantage, owing to the excessive removal of sludge. Since _ 
_ there has been any appreciable quantity of sludge in the tanks, tests 
have been carried out to ascertain the water-content and pH value 


ele 


of the sludge at various depths. The figures obtained are shown in 
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_ Table VI. Samples can be taken at the bottom, at 3 feet 6 inches, 


7 feet, 10 feet 6 inches and 14 feet above the bottom, and at the 
overflow of the tank. Unfortunately, time did not permit of more 
observations being made. At the end of June, 1931, the pH value 
of the overflow from the digester was 5-5, and lime was then added 
at weekly intervals until the middle of the August following. 
From the water-content. percentages obtained, an approximate 
ats ean be made of the dry weight of solids in the digestion- 
tank. 

The depth of seal at the gas-collector and the water-gauge pressure 
at the gas-meter are the same as at Echuca; the mean absolute 
gas-pressure has accordingly been taken as 775 millimetres. __ 

The average daily flow of gas per head for September, 1931, was 
only 4-7 litres. During October, 1931, there was a rapid rise in the 
flow, which reached 28-7 litres per head per day at 775-millimetres 
of mercury and 26° C. The first digested sludge was drawn off 
early in January, 1931, causing the gas-flow to fall to 11-9 litres 


per head per day at 775 millimetres of mercury and 27° C. 


GAs-PRODUCTION. 


Fags. 6, p. 64, show the average flow in litres per head per day 
for the 24 months of operation covered by this Paper. 

Colac.—At Colac the maximum monthly flow measured was 21:3 
litres per head per day at 17° C. and 779 millimetres, equivalent to 
20:8 litres. per head per day at 0°C. and 760 millimetres. The 
minimum flow occurred in August, 1932, equivalent to 13-1 litres 
per head per day at 143°C. and 779 millimetres, or 12-7 litres per 
head per day at 0° C. and 760 millimetres. The average flow for the 
period was 16-8 litres per head per day measured at 15-8° C. and 
779 millimetres, or 16-3 litres per head per day at 0° C. and 760 


millimetres. The mean calorific value of the Colac gas averaged 


about 795 B.Th.U. per cubic fogt, so that the recovery of gas is 
equivalent to about 1-7 therm per person per annum. . 


_ On referring to Table VII (p. 77) it will be seen that 412 litre 


of gas at 0° C. and 760 millimetres have been obtained at Colac per 
kilogram (dry weight) of raw sludge in the sewage, 328 litres of 
this being methane. 

Echuca.—More gas per head of population was obtained at Echuca 
than at either Colac or Mildura, but the calorific value of the gas 
obtained was less than that of the Colac gas. The maximum flow, 
measured in October, 1931, was 22:6 litres per head per day at 253° C. 
and 775 millimetres, equivalent to 21-1 litres per head per day at 


 0°C. and 760 millimetres. This flow was obtained before any 
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digested sludge was drawn off to the drying-beds. Since sludge was 
first withdrawn the highest reading obtained was in August, 1932, 
when the measurement was 19-0 litres per head per day at 0° C. and 
760 millimetres. The lowest reading was in June, 1933, when the 
average was 13-1 litres per head per day at 0° C. and 760 milli- 
metres. The average over the whole period was 18-6 litres per head 
per day at 25° C. and 775 millimetres, equivalent to 17-4 litres per 
head per day at 0° C. and 760 millimetres. The recovery of the 
gas at Echuca amounted to practically 1-6 therm per person per 
annum. 

From Table VII it will be observed that 455 litres of gas, contain- 
ing 316 litres of methane, was obtained per kilogram (dry weight) 
of raw sludge in the sewage. The gas at Echuca has a distinct 
odour of kerosene. 

Mildura.—For some unexplained reason the results obtained from 
the Mildura plant have not been so good as was anticipated. There 
has certainly been much more sulphuretted hydrogen in the sludge- 
gases. This has been proved in a striking manner by the corrosion 
of the copper hot-water boilers. Similar hot-water boilers were 
installed at Echuca and Mildura practically at the same time. The 
boiler installed at Echuca is still giving good service, but the one 
originally installed at Mildura was replaced in the first case by 
another copper boiler of the same type, and later by a cast-iron boiler. 
In 6 weeks’ use heavy-gauge copper (26 G) was reduced to thi 
paper in thickness by the action of sulphur dioxide on it. : 

The flow of gas at Mildura did not commence until September, 
1931, and the highest recorded flow occurred the next month, equi- 
valent to 27 litres per head per day at 0°C. and 760 millimetres. 
This was before sludge was withdrawn from the digestion-chamber. 
Since the tank has been in normal running order, that is, since 
sludge was first drawn off, the maximum flow of gas—16:7 litres per 
head per day at 0° C. and 760 millimetres—occurred in June, 1933 ; 
the minimum flow of gas—8-1 litres per head per day at 0° C. and 
760 millimetres—was in November and December, 1933, when 
_ practically no surplus activated-sludge was run to the digestion- 

_ chamber. 293 litres of sludge-gas at 0° OC. and 760 millimetres was 
obtained per kilogram (dry weight) of settleable solids in the sewage ; 
of this, 192 litres was methane. The total recovery of gas amounted 
to about 1-2 therm per person per annum. & 

_ The production of methane at 0° C. and 760 millimetres was as 
follows :— x 


Colac . . . . . . . +. +. 18-0 litres per person per day. 
Mohuta we. 2 ka ean ee ee ret) 2) i 4 f 
Mildura tent ita. ae oe ee ee 
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To facilitate the reduction of gas-volumes to 0° C. and 760 milli- 
metres pressure and the calculation of the weights of unit volumes of 
gases, the straight-line graphs shown in Fig. 15 were drawn; from 
them conversion-factors (multipliers) can be obtained on inspection. 

In order to simplify gas-calculations all temperatures have been 
converted from degrees Fahrenheit to the nearest half-degree Centi- 
grade, and all water-gauge pressures to absolute pressures in 
millimetres of mercury. Volumes have been expressed in litres, 


Fig. 15. 


Pik Aetatogs 24718 Fs 760 mm.t p 
Multiplier = 573°442 * 760 mm. 


t° = Temperature of Gas in Degrees Centigrade 


p = Mean Water gauge equivalent pressure 
in min. of Mercury 


MULTIPLIER. 


147 BSc. «16's riz’ 18° 19%: 320%... 21" & 22904208 Gn2dtinn SE Clo 6 eT? aa ae 
TEMPERATURE OF GAS : DEGREES CENTIGRADE. : 


CONVERSION GRAPH. 


and weights in grams. It has been assumed that the molecular 


weight of any gas in grams will occupy a volume of 22:4 litres at 
0° C. and 760 millimetres. 


SLUDGE-DRYING. 


‘The digestion-chambers of the Imhoff tank in Colac are equipped 
with circular lead washing-pipes, 2 inches diameter, at the bottom of 
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the tank and at the top of the batter, 44 feet vertically above the 
bottom. Holes, $ inch in diameter, are spaced 12 inches apart around 
the bottom pipe and 20 inches apart around the top pipe. The 
washing-pipe is connected to the town water-supply. Before sludge 
is Tun off to the drying-beds, water is turned on for about 4 minute, 
so as to loosen the sludge. No provision of the kind has been 
made at Echuca and its want has been felt. At Mildura a water- 
nozzle has been fixed inside the sludge-discharge pipe, so that if sludge 
consolidates in the pipe it may be softened by water in order that it 
may flow. 

Difficulty is experienced at Colac in disposing of the dried sludge ; 
owing to the richness of the agricultural land in the district, it 
is not sought after as a fertilizer. For the past 3 years the practice 
has been to burn it at the end of the summer. It burns slowly and 
leaves a reddish-coloured ash as a residue. At Echuca, the dried 
sludge is sold to district orchardists, principally for orange-groves, 
at 4s. per cubic yard. At Mildura the dried sludge is sold by contract : 
a district orchardist pays £20 per annum for the right of removing 
sludge from the drying-beds at his own cost. 

Dried sludge, after 28 days on bed in December, 1933, at, Echuca, 

has had as low a water-content as 5 per cent., and during the same 

- month the water-content of the sludge as discharged on the beds has 
been reduced from 90 per cent. to 14 per cent., in 48 hours. 

All sludge-drying beds are 60 feet long by 13 feet wide; details 
are shown in Figs. 16, Plate 2. The beds drain to a sump, which is 
emptied at Colac by gravity, at Echuca by a water-ejector and at 
Mildura by a small centrifugal pump. The sludge is run on to the 
beds at all works to a depth of 44 inches. It has been found that, if 
the surface of the bed is given a fall of 2 inches in the length of the 
bed, an even depth of sludge is obtained. 

Estimates of the nitrogen-content of the sludge have been made ; 
the results have varied between 0-9 and 1-8 per cent. 

The number of sludge-beds filled per month during the period 

covered by this Paper are shown in Table VIII (p. 80). The re- 
moval of sludge at Mildura was excessive and not carried out to 
instructions. —~ ; ; 

Table IX (p. 80) shows the number of sludge-drying beds, the 
load on beds in persons per square yard, the usual range of water- 
content of sludges, and the mean and minimum water-content at 

each of these works. 
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TasLe VIII. 


Number of sludge-beds filled. 


Month. SS SS SS. _ | ae 
Colac. Echuca. Mildura. 
1931 
September 1 ae a 
October 1 = ri 
November 2 a = 
December 4, = mm 
1932 
January . 4 a 5 
February 4 — 2 
March 4 4 7 
April 2 5 5 
May 1 2 ns, 
June 1 = 5 
July 1 1 5 
August if — 5 
September 1 2 5 
October if, 1 10 
November 2 2 10 
December 4 2 10 
1933 
January . . 4 5 5 
February 4 2 1 
_ March. 4 1 Ses 
PAprily oy 2 i — 
We San cree 1 3 aS 
Ini? ae we 1 -= 5 
Uy Me ss 1 1 — 
August . 1 1 5 
Total 52 33 85 
TaBLE IX. 
Estimated water-content of sludge. 
T Number | Load: persons 
own. of sludge- per square 
beds. yard. Usual range: Mean: Minimum: 
per cent, per cent. per cent. 
Colac. .. 3 22:3 88-89 883 83-7 
Echuca. 4 12-5 89-90 893° 84-7, 
Mildura 5 14-0 89-92 91 86-1 
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CoMPARISON OF ConstTRUCTION-Costs. 
These are fully set out in Table X. 


TABLE X. 
ee a i te Es rr Ta 
Colac Echuca Mildura. 


| eS 


Population, 3lst August, 
1933 - . . .|A| 5,805 persons | 4,338 persons | 6,050 persons 
Maximum for which 
works have been 
designed . . . | B/10,000 FP 7,000 A 15,000 3 
Capital cost of works for 
sedimentation and 
digestion inclusive 
of structures, 
machinery, and all 


other equipment . £2,451 £2,143 £4,892 
Year of construction. 1927 1930 1930 
Cost per head ; present 
population. . . {A 8s. 6d. 10s. 16s. 
Cost per head; popu- 
lation designed for | B 4s 11d. 6s. lid. 6s. 6d. 
CoNCLUSIONS. 


_ From the operation of the works, the following facts have been 
established. 

(1) A properly-designed two-storey tank (Imhoff principle) can 
be operated without foaming. 

(2) If the gases of fermentation are either used for power, or 
burnt or otherwise effectively destroyed, offensive odours 
resulting from the digestion of the sludge will not occur. 

(3) A considerably higher percentage of settleable solids is 
removed from the sewage in a Dorr clarifier than in the 
sedimentation-channel of an Imhoff tank. 

(4) It is easier to deal with surplus activated sludge by pumping 
it direct into a separate sludge-digestion tank than by 
settling it in the sedimentation-channel of an Imhoff tank, 
to fall by gravity to the digestion-chamber. 

(5) The operations of the plants are upset if the overflow from 
a separate sludge-digestion tank is returned to a clarifier 

\ and then to the bio-aeration tanks; bulking of the 
activated sludge results. 

(6) Gas-production is retarded by chlorination. This is shown” 

particularly well on the daily figures before the monthly 
averages are compiled. 


Zi 


_— 
‘ \ 
5 \ 
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(7) Excessive sludge-removal very seriously interferes with gas: 

production. ae 

(8) More than sufficient gas can be obtained from the fermen: 

me tation of sewage-sludge and surplus activated sludge fo 

the production of power to operate a bio-aeration plant. 

(9) Under favourable conditions a recovery of from 1-6 to 17 

therm per person per annum can be obtained. a 

The design and construction of the works referred to were carried 

out under the supervision of the Author ; the operation of the Colae 

and Echuca works is directly under his charge. Since the 1st January 

1933, the operation of the Mildura works has been under the super 

vision of Mr. T. J. Nihill, Engineer to the town of Mildura, with the 
Author retained in an advisory capacity. how 
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7 Paper No. 5035. 


“The Flow of Water through Rectangular Pipe-Bends.” 


By Powys Davins, M. Inst. C.E., and Suivram VasupEo PuRANIK, 
B. E. 


(Ordered by the Council to be published without oral discussion.) 
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INTRODUCTION. 


In the course of the discussion on a previous Paper! by one of the 
Authors, attention was directed towards the unsatisfactory state 
of published data regarding the flow of water through pipe-bends. 
Professor A. H. Gibson, for example, described the subject as one of 
the branches of experimental hydraulics on which the least accurate 
formation was available. He drew attention to the widely differing 
values which had been obtained by various experimenters for 
20efficients of loss in bends of given radii-ratio and angle of divergence, 
and to the paucity of experiments relating to angles of divergence 
other than 90 degrees, and he emphasised the conflict of opinions 
egarding the incidence of loss for varying angles of divergence. 
[he truth, wrote Professor Gibson, was that no one knew the actual 
ate of the loss in head any more than they knew the effect of placing 
me bend in series with another with only a short length of connecting 
ipe between the two, or of placing a bend of reversed curvature in 
eries with another bend. 

In many respects that would be accepted as a fair summary of the 
osition ; although the publication of the Paper? referred to had, 


a ‘Powys Davies, “The Laws of Siphon Flow,’’ Minutes of Proceedings 
nst. C.E., vol. 235 (1932-33), p. 352. 


2 Loe. cit. 
2 
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- it was believed, sufficiently established the fact that siphon flow 
far from being complex and erratic, followed definite laws, and, tha 
by means of those laws the behaviour of any siphon could be predicte 
with a reasonable degree of accuracy, yet it was clear that, for th 
designer possessing no facilities for experiment, additional data were 
necessary before design could be undertaken with certainty and con 
fidence in the variety of conditions that might occur in practice. 


Fig. 1. 


| 
i 


Scale: 1 Inch= 16 Inches. 
Inches6 3 0 5 12 Inches 
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The present Paper is an attempt to fill in the most important o! 
these gaps, and to lessen the obscurity with which, as Professo. 
Gibson showed, the theory of the flow of water through pipe-bend: 
has been surrounded. : 


DESCRIPTION OF THE EXPERIMENTS. 


The experiments described below were carried out at the sam 
site, and generally in the same manner, as those outlined in th 
Paper on “ The Laws of Siphon Flow,” 1 to which reference may b 
made for details not herein mentioned. 


1 Ibid., p. 355. 
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_ The models were made in the same manner as models A and B 
described in that Paper, but were reduced to one-third of their sec- 
tional area, and, except where otherwise stated, were made square in 
section, with 4-inch sides. Typical examples of the models used 
are shown in Figs. 1, 2 and 3. Angles of divergence exceeding 
90 degrees were usually tested by means of the siphon type shown in 
Pig. 1, while for angles of 90 degrees or less, the model shown in 
Fig. 2 was adopted with a long upstream straight of fifteen or more 
pipe-diameters, the siphon type shown in Fig. 3 being also used as a 
check on the results. Varying velocities of flow were obtained by the 
adjustment of a flat plate placed normal to the direction of flow at the 


2» 


[—i | Ss 


(CLLLLLLLLL LLL LL LLL LL X 


Scale: 1 Inch= 16 Inches. 
Inches 6 3 0 6 12 Inches 
Poh ES Sr en aa 


be 


exit, the distance of the plate from the exit being varied as desired 
by means of a jack. 

_ For a low range of velocities, the point of change of pressure in 
the downstream straight provided a sufficiently accurate measure 
of the loss of pressure-head in the bend, but as it was desired to adopt 
‘a wide range of velocities in these experiments, this method was 
unsuitable owing to the necessity of eliminating all variations due to 
i in the straight following the bend. The method actually 
adopted was to obtain the mean loss of pressure-head at two sections, 
upstream and downstream of the bend respectively, as shown at B 
ind E in Figs. 1 and 3, and at Z, and Z, in Fig. 2. 

The discharges were measured on a rectangular notch 2 feet wide 
it top and sill, and, in view of the fact that they would at times be 
mall, and that precision in their measurement was necessary 

co 
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if accurate coefficients were to be obtained,. the notch was itsel: 
calibrated by two separate methods. The first was by means 0 
an accurately-constructed, 90-degree notch placed on the reservoir- 
spillway with its sill at varying heights to cover the whole range ©. 
discharges required, and the second method was by direct. calibration, 
and was obtained by filling a masonry tank having an area of 70\feet 
by 45 feet. Themaximum difference in the discharge obtained by the 
two methods was 0-5 per cent., so that the discharges could be relied 
upon within such a limit. a paca 

The experiments were carried out at Indore, which lies at an altitude 
of about 1,700 feet above mean sea-level, and in about 23 degrees of 
latitude, so that a value of 32-1 was adopted for the acceleration 
due to gravity. 


Scale: 1 Inch= 16 Inches. 
Inches6. 3 O 6 12 Inches 
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For reasons which will appear later, the standard length of 
straight pipe, the loss in which was included in the bend-loss, was one 
pipe-diameter on the upstream side and two pipe-diameters on the 
downstream side. Practical reasons in the carrying out of the 
experiments made it inconvenient to locate the piezometers precisely 
at these distances from the tangent-points of the bends, so that.the 
general rule adopted was to add or deduct the corresponding loss 
for the excess length of straight pipe. For example, if the actual 
piezometer section was two and a half diameters from the downstream 
- tangent of the bend, the total loss in the bend would be reduced by 
the loss occasioned by the same mean velocity in a straight pipe 
having a length of half a diameter. | * 4 

To enable this to be done, experiments were made to determine 


StrAIGHT Pree EXPERIMENTS. 
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She loss in a straight pipe of the same cross section (namely, 4 inches 
by 4 inches) and made of the same material in the same manner 
_as the bends themselves. Teak planks, over 16 feet long in order 
_ to avoid cross joints, were employed in making the pipe, and the loss 
_of pressure-head was determined at sections 15 feet 2 inches apart, 
the mean value being taken from a series of five piezometers at each 
cross section. On the upstream side, and projecting into the supply- 
reservoir, was an additional straight about ten diameters in length 
terminating in a low-loss entrance. On the downstream side, in 
order to utilize the maximum available head, a 90-degree. bend 
was placed after a further short straight length, and then a vertical 
straight pipe to a little above floor level, similar to that in Fig. 2, 
variations in velocity being secured by means of a movable plate at 
the exit. 

The first series of experiments was carried out on the newly planed 
and sand-papered pipe, beginning with the maximum velocity 
obtained by a free discharge from the outlet, and ending with the 
minimum velocity by gradually increasing the resistance at the 
outlet. Immediately on the conclusion of this series of experiments, 

-a further test was made with the free outlet, when it was found 
that the wetting of the walls had greatly increased the resistance of 
the pipe, so that the maximum velocity obtainable showed a con- 
siderable decrease. The pipe was then kept wet, and further 
experiments were carried out some days later in order to determine 
the true resistance of the walls of a planed teak pipe after it had 
been thoroughly wetted. The results of both experiments are 

shown graphically in Fig. 4, in terms of the loss in pressure-head 

per foot run of pipe for different velocities of flow. The curve 

for the wetted pipe has been extended to a maximum velocity of 
17 feet per second as. calculated in Table I (p. 89), the losses being 
approximately proportional to the square of the velocity. Similar 
differences were observed in the case of the bends themselves, a bend 
“having a ratio R/d of 1-75 and angle of deviation of 180 degrees, for 
example, giving a loss-coefficient of 0-26 when new, and 0-33 after the 
“walls had become thoroughly wetted. 

These results bring out the considerable effect which the frictional 

‘resistance of the walls must have on bend-loss coefficients, and 
‘indicate that comparisons of the values obtained by different 
experimenters are only useful when the character of the walls in 
respect of frictional resistance is known to be the same, or when the 
ie due to variations in this factor can be assessed. Except 

here otherwise stated, therefore, all the results recorded in the 
present Paper were obtained with teak-wood models of which the 
Bpaned walls had previously been thoroughly wetted. 
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__.. Importance of Joints —It is the practice to make many commercial 
_ pipe-bends so that they terminate at the upstream and downstream 
tangents, with the result that joints in the piping necessarily occur at 
these places. This method was followed in the present experiments, 
until preliminary tests disclosed the fact that considerable variations 
could be obtained in the coefficients of loss according to the perfection 


+ 


TABLE I.—Loss PER Foor in STRAIGHT WETTED Pree wITHOUT CROSS JOINTS. 
Mean area of pipe 0-1144 square foot. 


REE RRO Ne Oy 


+. | Total loss between Loss per 
serial No, |. Plshange: | iveyerseoona: | ,gvggentions | Sook un: 
ee. - | apart: feet. £ 
g | | 
a ae 1:50 13-10 | 2-28 0-1502 
3 2 1:39 12:14 | 2-01 01325 
A 3 1:31 11-43 | 1-71 0-1127 
3 4 1:16 10-13 1:S40c on 0-0884 
4 5 0-98 - 8-57 |. 0-97 0-0639 
6 0-78 6-81 | 0-61 0-0402 
a i 0-65 5-68 0-43 0-0283 
From the above figures, ee =e isd 5 


~. m = 1-998 = 2 approx. 


x : 
- Fs ag 7} te f 
i . 6g2 = 00983" whence the remainder o 


8 | = 14 — 0-172 
9 es 15 = 0-197 
‘oe — 16 — 0-225 
11 —_ 17 — 0-254 


_ or otherwise of these joints, and more particularly of that at the 
downstream tangent. It was shown by one of the Authors in the 
Paper “ The Laws of Siphon Flow ” ! that, in an easy bend, the 
additional loss over that which occurred in a straight pipe was” 
occasioned by the transition from straight-line flow to free-vortex 
flow at the beginning of the bend, and from free-vortex flow to straight- 
line flow at its termination. It was understandable, therefore, that 
i mperfections in the pipe-walls at such places should increase the _ 
loss occasioned by such transitions, and this was likely to be even 
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more noticeable with sharp bends, when contraction of the stream, 
and a greatly increased kinetic energy, occurred at the downstream 
tangent. Joints at the tangents in commercial-bends were clearly 
in the least desirable places, and experience with the present models 
suggested that material advantage might be gained by casting bends 
in one piece for a distance on the straight of one pipe-diameter on 
the upstream side and preferably more on the downstream side. In 
the case of bends of considerable diameter, where this would involve 
too great a length for convenience of manufacture and handling, it 
would be preferable to locate the joints on the bend itself. 

In the present experiments, as a result of this experience, great 
care was taken with the joints, which were sand-papered to make 
them perfectly smooth before each experiment, and inspected 


occurred. 


TaBLE II—Meran Corrrictents or Loss In BENDS. 


immediately afterwards to make certain that no movement had 
R a : 
a ngle of deviation. 
Sharp bends. 180° 122°-30’ | 114°—15’ 90° 60° 30° 
0-875 0-84 Es 0:59 0-43 | 0-28 | O18 
1-06 Ee me 0:39 0-31 a = 
Easy bends. 
+ SS ; 
20 0 
1:5 — — 0:27 0-20 0-19 0-11 
1-75 ~ 0°33 —_ 0-30 0-21 = — ) 
2-00 = = 0-25 0-23 is te 
2-25 = = 0:27 0-20 as =—s 
2-5° 0:36 0:30 —_ 0-18 0-18 0-09 


| RANGE OF EXPERIMENTS. 2 
* Coefficients of loss were obtained for radii-ratios, that is, the ieee 
radius of the bend divided by the depth of the pipe, of from 0-875 
to 2-5, and for angles of deviation from 180 degrees to 30 degrees, 
The results have been worked out in Appendix I, Tables A to X, 
and are summarized in Table II. These results indicated that 
any bend with a radii-ratio of 1-5 or more might be classified as an 
easy bend, and that the loss-coefficients for a given angle of deviation 
showed little variation between that value and 2:5. The losses on an 
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easy bend, as had already been seen, were composed of the transi- 
tional losses and the wall-frictional losses, and whilst the former 
_ for a bend with a ratio of 1-5 must be greater than those for a bend of 
- 2-5 ratio, the wall-frictional losses on the other hand were necessarily 
less, owing to the shorter distance travelled by the water; the net 
effect with bends of wetted teak was to bring about a balance, 
giving approximately the same coefficients for the whole range of 
easy bends which were tested. 

Power of Velocity to which the Losses are Proportional—tn the 
Paper “The Laws of Siphon Flow ’’4 the conclusion was reached 
that, whereas in an easy bend the losses were proportional to the 
square of the velocity, in a sharp bend they were proportional to 
some higher power than 2. The much more comprehensive and 
detailed experiments outlined in the present Paper showed the 
latter conclusion to be wrong, and indicated that in a pipe of wetted 
teak the losses, whether in an easy or a sharp bend, were nearly, if 
not precisely, proportional to the square of the velocity, so that any 
implications arising out of that erroneous conclusion in the previots 
Paper required modification. It was not difficult, in the light of 
further knowledge, to see how the error had arisen; the extent of 
the contraction of the flow on the downstream side of a sharp bend 
_ varied with the velocity of flow, and so did the distance below 
the tangent at which complete recovery. of pressure-head was 
effected. Unless, therefore, the section at which the downstream 
- loss of pressure-head had been measured was sufficiently far from 
the tangent to have recorded the full recovery of head with the 
" maximum velocity of flow, the proportion of recoverable- head 
which was reconverted into pressure-head at that section would vary 
_ with the velocity of flow; thus, although it might be fully recovered 
- for a low velocity, it might only be partly recovered for a high one, 
and the coefficient of loss in the bend would rise’with the velocity of 


flow. 
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DETAILED EXAMINATION OF BEeNnD-LOSSES. 


7 


In the case of many of the bends which were tested, the pressures 
were observed at a number of sections along the bend. Fig. 5 (p. 92), 
for example,2 gives a graphical representation of the net losses, 
namely, the losses obtained after deducting the kinetic head required 
for axial flow. . 

The dotted line from sections B1 to D represents the average loss 
in that portion of the bend in which such loss as occurs is due to — 


1 [bid., p. 367. 
, 2 See Appendix I, Table T, first example. 
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wall-friction only. This frictional loss between these sections was 
150 
0-57 foot in a mean distance of 130 x mr or 2:18 feet, or 0-26 


foot of loss per foot run of pipe, as compared with the value of 
0:23 foot taken from Fig. 4 for a velocity of 16 feet per second in a 
straight wetted pipe without cross joints. A slightly higher rate of 
frictional loss is also to be expected at a bend, due to the distribution 
of velocities in free vortex flow. It is shown in Fig. 5 that the 
transitional losses from free vortex to straight-line flow are completed 
in a distance of about one pipe-diameter beyond the downstream 
tangent, namely, at section Dl. The dotted line from D1 to E2, 
which for the purpose of comparison has been drawn parallel to the 
corresponding dotted line between sections B1 and D, shows that 


Fig. 5. 


Total Angle of Deviation = 180 degrees 


Straightp----- 


LOSS IN EDDIES AND FRICTION : FEET. 


LENGTH OF PIPE : FEET. 


the rate of loss on the downstream side D1 corresponds to that in 
the straight pipe without bends. The diagram terminates at section 
_E2, whereas the actual length of the vertical straight pipe from 


D1 to the outlet, with several cross joints, was 5-73 feet, or 


seventeen pipe-diameters. The total head of water from the 


upstream water-level to the free outlet was 6-84 feet, and the loss — 
of pressure-head to the section D1 was 5-49 feet, so that, neglecting 


any small difference in the areas of the waterway at those sections, 
the frictional loss due to the straight pipe from D1 to the outlet 


was 1-35 feet, and the loss per foot was therefore as , or 0:24 foot, 


which again corresponded closely with the loss obtained from the 


wetted straight pipe without cross jomts as shown in Fig. 4. 
To take another example, consider that of a 180-degree bend with a 


_— 
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_ ratio of 1-75 and a velocity of 15:17 feet per second, as in Appendix i 
Table M. In that case the length of the jointed vertical pipe from 
_ section D1 to the free outlet was 5-72 feet, and the loss of pressure- 
_ head as far as D1 was 5-30 feet. Now the total head from the 
upstream water-level to the free outlet was 6:57 feet, so that the 
_ frictional loss between section D1 and the outlet was 1-27 feet, and 


- the loss per foot was = or 0-22 foot, as compared with 0-20 foot 


_ ina straight pipe without cross joints, as in Fig. 4. 

These results were typical of all cases where easy bends were used, 
_and led to the conclusion that the disturbance in such bends due 
to the transition from free-vortex to straight-line flow was quickly 
ended, and that subsequent loss was solely that occurring in a 
straight pipe without bends. 

__ A similar survey of the bend-losses was made in the case of the 
_ sharpest bend tested, which had a ratio of 0-875, an angle of deviation 
_ of 180 degrees and a mean velocity of flow of 13-19 feet per second, 
_ as shown in Appendix I, Table A. 

In such a bend the wall-friction losses, which form so large a 
part of the total losses in an easy bend, might be expected 
to be negligible. The flow-transition losses, although necessarily 
greater than in an easy bend, represent a small portion of the total 
loss, which was almost three times that which occurred in an easy 
bend. The main loss appeared to be due to the contraction of the 
stream, which occurred from the downstream tangent onward, 
involving a considerable temporary increase in kinetic energy and 
- consequently an increased frictional loss (both in the latter portion 
of the bend and in the subsequent straight) and to the subsequent 
recovery of pressure-head due to the later expansion of the stream 
- to its normal section; this loss would naturally vary greatly with the 
 surface-roughness of the material forming the walls of the pipe. 
_ Fig. 6 (p. 94) gives a graphical representation of both the permanent 
~ and the temporary losses, after deducting the kinetic head required 
- for axial flow. Up to section C, that is, halfway through the bend, 
the losses were normal and permanent, this being also shown by the 
- loss in pressure at that section as indicated in Fig. 7 (p. 95); on the 
downstream side of that section, however, the loss of pressure-head 
_ increased rapidly, and attained a maximum at a point about one 
pipe- -diameter below the lower tangent, after which conversion” of 
_ kinetic energy into pressure-energy caused a gradual increase of 
pressure. Normal pressure was not again established until well 
_ after the refilling of the pipe, and this, as was shown by Pitot- tube 
_ surveys, varied with the sharpness of the bend and the velocity of 


flow. 
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A likely explanation of this rapid loss of pressure from section C_ 
onwards would be that contraction of the stream began from that 
point, but such in fact was not the case. Pitot-tube surveys showed 
that the contraction commenced almost exactly at the downstream 
tangent ; Fig. 8 (p. 96) shows the actual shape of the contracted 
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Fig. 6. 


Ratio = — 0875 
Angle of Deviation = 180 degrees 


5-00 


4:00 


3-00 


2-00 


APPARENT LOSS IN EDDIES : FEET. 


1 2 
LENGTH OF PIPE : FEET. 


jet as measured by the Pitot survey. Figs. 9 and 10 (pp. 96 and 97) 
show the contraction of the stream as measured in a bend of ratio 1-06 
and in an elbow, respectively. The substantial increase of kinetic 
. energy in the downstream half of the bend occurred in spite of the 
fact that the stream filled the pipe. The matter will be further 
discussed later in connection with the subject of turbulent flow. _ 
Length of Downstream Straight included in the Bends.—It was 
generally thought that the eddying action set up by the passage of 
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4 the water around any pipe-bend persisted for an indefinite length in 
the straight following the bend, and that the losses so occasioned 
were only fully realized at some considerable distance beyond the 


ae 

bend. 
A The experiments carried out, however, in connection with the 
; present Paper, and described above, afforded no support for such a 


~i4 


Fig. 7: 


Ratio x = 0875 


LOSS OF PRESSURE HEAD : FEET. 


z WIDTH OF PIPE : INCHES. 


z heory, at least so far as rectangular pipes were concerned. They 
‘showed that in the case of an easy bend, the downstream loss 
occasioned by the transition from free-vortex to straight-line flow 
occurred rapidly, within from one to two pipe-diameters, and that 
any further loss that took. place in the subsequent straight pipe was ae 
proximately constant per foot length of pipe, and equal to that 
ch occurred in a similar length of straight pipe. ar 
‘or the purpose of measuring the loss in easy bends, therefore, 
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a distance of two pipe-diameters from the downstream tangent was 
adopted throughout the tests as being the point of completion of 


Fig. 8. 
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Scale: 1 Inch =16 Inches, 
Inches 6 3 q § 12 Inches. 


the bend losses. In the case of a sharp bend, the distance from 
the tangent-point at which the effect due to the bend ceased 


Fig. 9. 
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varied with the sharpness of the bend and the velocity of flow, 
while it was possible that the coefficient of friction of the-material 


forming the walls of the pipe had an effect. For the purpose of 
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obtaining the coefficients of the loss, however, such losses have 
been assumed to terminate at a point two pipe-diameters from the 
tangent-point, in order to keep some measure of uniformity in classi- 
fying the results. The actual method adopted for sharp bends was 
to measure the downstream loss of pressure-head at asection 15inches 
above the outlet (which was usually from sixteen to eighteen pipe- 
diameters beyond the tangent-point, and well beyond the point at 
which normal straight-line flow was established in the most extreme 
case), and to deduct from the total loss so obtained the loss in a 
_ straight pipe (see Fig. 4, p. 88) for the excess length of straight over 
_two pipe-diameters. For example, if the total length of straight from 
Fig. 10. 
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Scale: 1 Inch= 16 Inches. 
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“the tangent to the section at which the pressure was observed was 
sixteen diameters, the Joss in a straight pipe of length fourteen 
- diameters was deducted to obtain the net loss in the bend. 


BENDS IN SERIES. 


_ The theory that the termination of losses due to the disturbance 

caused by bends was a prolonged process, had been strengthened 
by the further supposition referred to by Professor Gibson, and 
"supported by experiment, that the loss due to bends placed in series 
with one another, with only a short length of connecting pipe between 
them, was substantially different from the loss occasioned by the 
‘same bend followed by a long length of straight pipe as in Figs. 1, 2 
and 3. The theory had been also strengthened by the further ‘idea 
tha’ the losses due to two bends separated by a short straight pipe, 
and each curving in the same direction, were very different from the 
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losses occasioned when the second bend curved in a reverse direction 
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Figs 11. 
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Models, each consisting of several bends in series, were constructed 
in order to test these opinions (see Fig. 12). The straight portion 
between the bends were made three diameters in length, two diameter: 
for the completion of the loss due to the preceding bend, and on 
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diameter for the partial establishment of free vortex flow in the 
subsequent bend. The model was tested under two heads, which were 
obtained by varying the length of the final vertical straight, and the 
results are recorded in Appendix II, Tables Y and Z. A comparison 
of the coefficients of loss for each bend in the compound model with 
those obtained when the bends were tested separately (see Table II, 
_ p. 90) is given in Table III, and shows that, in the case of the four 
_ easy bends, apart from small differences which may fairly be attributed 
experimental error, there was little difference in the coefficients 


TABLE III. 


54 Compound Bend (see Appendix II, Tables Y and Z). 
es 


: Angle of deviation. oe Coefficient of 
; R Velocity : Coefficient coefficient of loss when bends 
2 a feet per | of loss. : loss, are tested 
= Degrees. | Minutes,| Second. | K. K. Ppa 
4 2 

4 13-48 0-44 

1-06) 114 15 0-44 0-39 

E 12-96 0-43 

; | 13-48 0-17 

15 90 0 0-18 0-20 

E 12-96 0-19 

a ne { 13-48 0-23 | 

e1-75| 90 0 |S 0-23 0-21 

E | | 1896." | “os || 

3 13-48 | 0-18 | 

; 2-5 90 0 0-18 0-18 

a 1296 = ols 

3 13-48 0-22 

2-0 90 0 0-22 0-23 

= 12-96 0-21 

= Total of all coefficients 1-25 1-21 


rained by the two methods. In the case of the initial bend, which 
was a sharp one, the coefficient of loss was necessarily too high 
in the compound model, because the loss was measured at a section 
too near to the bend for full recovery of pressure-head, and some of 
this lost recovery was possibly regained in the second bend, which 
showed too low a coefficient. It is noteworthy that the sum of the 
coefficients in the compound model is 1-25, compared with 1-21 when 
the values were taken from separate tests (see Table II), which is a 
difference of only 3 per cent. even with the inclusion of a sharp bend. 
Bg this connection it will be of interest to mention the result of 
certain tests carried out with the model A siphon (as described on 
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page. 355 of the Paper? on “ The Laws of Siphon Flow ’’), having 4 
sectional area of 12 inches by 4 inches. Fig. 13 shows the lowe 
bend of that model, in which the ratio R/d is 1-5, with the additio 
of a third bend with a radii-ratio of 1-00, the two bends bein; 
separated by a straight of variable length S, with piezometer section: 
EE and ZZ to determine the loss in the bends. The results of thre 
tests with varying lengths of straight 8 are given in Table IV, an 
showed that, with the minimum length of straight, the section ZL, 
was too close to the upstream tangent of the bottom bend, with th 


Fig. 13. 


Scale: 1 Inch = 16 Inches. 
Inches 6 3 0 § 12 Inches 


result that the piezometer readings recorded a portion of the los: 
due to the formation of free-vortex flow in that bend. While 
therefore, the resulting coefficient of loss for the middle bend was to 
high, and that for the bottom bend was too low, the aggregate los 
_ for both bends was almost the same for all three experiments. | 

Table V (p. 102) gives the results of experiments carried out witl 
easy bends in order to investigate the difference between continuou 
and reflex bends as shown in Figs. 11. Foreach experiment the mode 
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pe was first tested as in Fig. 11 (a); the lower bend was then carefully 
_ Temoved and refixed as in Fg. 11 (b), care being taken both to 
" secure a good joint at the upper tangent of the lower bend, and also 
_ to see that the outlet was at the same level as before. The length 


_ of straight connecting the two bends was varied from eight and a 


"4 
a ; TasBLeE TV.—Mopet “ A” SipHoN witH CompouND BEND. 
4 
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e. | Upstream | 3-24 
Meeco | ii7 | 213-| 1290 3 
i Downstream | 4:35 
aa 1-00 0-70. |. 0:33 
- Upstream 3°65 
Total of both coefficients . | 0-52 
Downstream | 3:74 
1:5 0:44 | 0-21 
. |{ Upstream 3°30 
fe Te 2 8-0 ; 
pot ate " [Powgetroans 4-34 
1-00 0:60 | 0-28 
| Upstream 3:74) | 
Total of both coefficients . | 0-49 
Downstream | 3-94 
15 : 0:64 | 0:30 
et Upstream 3°30 - 
2, . 2. “75 E 
3°88 zoe tt le Downstream | 4:34 
1-00 0-40 | 0-19 
Upstream. 3°94 
Total of both coefficients 


quarter diameters to one diameter, but in only one case was there — 
any measurable difference in discharge between the model with the 
‘clockwise bends and that with the reflex bend ; that difference was 
attributed to the fact that this experiment was the one in which the 
Pitot-tube tests were carried out. For the purpose of ‘measuring 
discharge in such tests, it was the practice to keep the tube 
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projecting halfway into the pipe, and a slight error in the setting of 
the tube would readily account for the difference in discharge. 
Reliance was not placed solely on the notch-readings for measurin 
the discharges; they were checked by the exceedingly sensitiv 
method of comparing the internal pressures on a given section while 
water was passing through the model, and in no case was the average 
difference between the pressures in the two cases more than 0:02 foot, 
except for the Pitot-tube test, when it was 0-08 foot. . 

The experiments quoted went to show that, in a rectangular 
pipe with an easy initial bend (where, as has been seen, the pipe 
runs full throughout), the loss due to a second bend separated 
from the first by a straight of one or more pipe-diameters is the same 


TABLE V. 
Continuous bends. Reflex bends. 
Length of ‘i 
cote ae Di faent . Dis: eftigent Remarks. 
tral, : mt 15- eiicl b | =. iad . 
ibe so charge: | of-dis- | ba ‘| charge: | of dis- 
L. « cusecs, charge. ; cusecs. charge. 
Cc. Cc. 
0-333 - 1:53 0-990 0-895 1:53 0-990 0-895 — 
1:10 2:32 1-175 0:876 2°32 1-175 0-876 — 
1-81 3:03 1-320 0-852 | 3:03 1-320 | 0-852 —_ 
2-75 3°97 1-438 0-813 | 3:97 1-445 0-816 Pitot- 
is tube 
I's test 
| 5 


whether the second bend curves in the same direction as the first, 
or in the opposite direction. It appeared highly probable, however, 
that, with a sharp initial bend, this could not be so. In such a case it 
seemed probable that, if the second bend began before the restoration 
of straight-line flow with a full pipe, there would be a considerable 


difference in the results from continuous and reflex bends. i 
i “| 


| Prrot-TusE Surveys on SHarp Benps. . 
The striking decrease of pressure-head in the latter portion of a 
sharp bend, and its subsequent partial recovery in the downstream 
straight, as in Fig. 6 (p. 94), has been described earlier in the Paper. 
With the object of investigating this matter a Pitot-tube survey was 
made of a siphon model having a bend with the radii-ratio of 1:06. 
The momentum of flow at a number of points on. several cross- 
sections was observed by means of the Pitot tube, the corresponding 
pressures being obtained simultaneously. by means.of piezometers 
. 
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_ fixed in the side walls. The head from the upstream water-level to 
Ss the outlet was 4-10 feet, and the downstream straight from the 
e _bend-tangent to the outlet was 3°76 feet or about eleven pipe- 
diameters. The discharge was 1-4 cusecs, and, on the assumption 
_ that the sectional area of the pipe was exactly 16 square inches, the 
_ mean velocity of flow was 12-6 feet per second. Pitot-tube surveys 
A were made in the lengths where the pipe ran full, namely at section C 
on the crest, at the downstream tangent D, at three sections C1, C2, 
_ and C3 evenly spaced between C and D, and finally at section F1 on 
a the downstream straight about eight pipe-diameters below section D, 
4 so as to be well clear of the bend-influence. The contraction of the 
z stream below section D was also surveyed and the result was recorded 
~ in Fig. 9 (p. 96). The mean velocities of flow so obtained at sections 
ay and F'l were 12-63 and 12°72 feet per second respectively, and these 
A compared closely with the actual mean velocity of flow, namely 12-60 
~ feet per second. At Cl, C2, C3, and D, however, the apparent 
-values became 12-71, 13: 05, 13:35 and 14-47 feet per second 
respectively, so that the energy of the stream at tho sesections 
_ was appreciably greater than that required for axial flow. 
_ It would appear at first’sight to be impossible for the Pitot tube 
_to record a momentum of flow greater than that which occurred in a 
direction normal to its orifice, but the fact remained that it did record 
sucha momentum. In order to examine the point further, tests were 
_ made in an open horizontal flume with a smoothly-flowing stream, 
the Pitot tube, with its orifice at the centre of the stream, being first 
_ suspended vertically while the pressures were obtained from piezo- 
_ meters fixed in the side walls i um a direct line with the centre of the 
- Pitot tube orifice; this was zg inch in diameter. The Pitot tube 
_ was then set at various angles to the vertical, care being taken to 
_ keep the centre of the orifice in line with the centre of the piezometer 
pipes. The observations were recorded diagrammatically in Fig. 14 
- (p. 104), from which it will be seen that, when the Pitot tube was 
tilted with the stream at an angle of 14 degrees to the vertical, it still 
- recorded the maximum momentum due to the horizontal flow, and 
' that throughout the whole range of tilt it recorded a momentum 
‘much exceeding that due to the true momentum of flow normal 
- to the orifice. 
It seemed possible that the results might Pe been affected by the 
4 fat base of the Pitot sabe, which was only 4%; inch below the orifice, 
and which measured 5% inch from its upstream to its downstream 
point: and : 14 inch’ adios’ the central axis. In order, therefore, to 
minate this factor, the Pitot tube was extended by 1} inches and 
given a gradual taper to a knife-edge at its new base. A further 
was then made, the results being shown graphically in Fig. 15 
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(p. 105), from which it will be seen that almost the full momentu 
due to horizontal flow was recorded when the tube was tilted at an 
angle of 27 degrees to.the vertical. Ss 

‘A reasonable inference from the results of these experiments 


86L 


B18 


Maximum Pressure reading 7'33 Feet. 


'<_-- Minimum Pressure reading 7-31 Feet. 
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Fig. 14. 
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appears to be that a Pitot tube, placed with its orifice normal to the 
direction of flow in a moving stream of water, is a correct medium 
for the measure of the velocity of flow only so long as the stream 
is non‘turbulent in the sense in which the term is defined below. 
When the stream is in turbulent flow and possesses a greater 


x 


call 
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_ kinetic energy than that required for axial flow, such excess energy, 
n part at least, is reflected in the Pitot tube readings. 


TURBULENT FLow. 


~The word “turbulent ” in the English language, as it has come 
_ down through the centuries, has always possessed a distinct meaning, 


Fig. 15 
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whether applied to the movement of water or of a crowd has ; 
ted the idea of a superabundance of energy which, unless 
would have destructive results. The “turbulence”’ of a 
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river in flood, with its capacity for eroding and bursting the banks, 
and the “turbulent” waves experienced in a storm at sea, were 
expressions which had received the sanction of long usage, and were 
universally understood wherever the English language was spoken. 
The quality of turbulence was not only essentially destructive, but 
was also readily apparent to the senses of sight and touch. 

In recent times, the same word, but shorn of these essential 
qualities, has been appropriated to describe the state of water 
which is behaving with a sinuous or eddying motion. Professor 
Reynolds, in his famous experiments, demonstrated the difference 
between sinuous and direct flow, and he described his experiments 
and conclusions in considerable detail. It is noteworthy that, 
whereas he described sinuous motion as eddying and unsteady, 
he avoided the use of the word “turbulent,” doubtless because 
he considered that to employ it would be a misuse of language. 
Indeed, he referred to a common case of motion, which, although 
indisputably turbulent, was not eddying, namely, that of “the 
terrible waves upon the surface” (of the sea), and contrasted it 
with “the harmless eddies below.” The origin of this later use 
of the word “ turbulent,” as being synonymous with “ eddying,” is 
obscure, and such use in text-books was unfortunate, because those 
concerned with the control of water are constantly occupied in 
dealing with problems arising out of the turbulence of water in 
the proper sense of the word. The irrigation engineer, for 
example, draws a clear distinction between the flow of water 
above and below a canal fall. The former is a comparatively 
smooth-flowing stream, which can be relied upon at all times to 
behave in an orderly manner, and which will necessitate little or 
no expenditure on repairs for an indefinite period; the motion is 
undoubtedly sinuous or eddying but it is certainly not turbulent. 
Below the fall, on the other hand, the water is turbulent as a 
result of the acquisition of excess energy in its passage from the 
higher to the lower level, and its destructive effect for a considerable 
distance on the bed’and banks of the canal involves considerable — 
expenditure of money on repairs,and of time and thought on 
experiment to mitigate its effects. — at) 

The Authors consider that it would be advantageous if this un-— 
fortunate use of the word “turbulent” as being synonymous with 
“sinuous ”’ could be discontinued, and they suggest that a suitable ~ 
definition of turbulent flow in a confined moving stream might be 
“that state of flow in which the kinetic energy of the water is in 
excess ‘of that required for axial flow.” Such ‘a definition is in 
accord with the true meaning of the word. nahh) eid) pate 

It is customary to speak of the “two” modes of motion of 
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water, but it would appear to be more in accordance with reality 

_ to extend the number to “three,” namely, direct, sinuous and 
e turbulent flow. 
Z With regard to the flow of water through pipe-bends, it is clear 
_ that, with an easy bend, the flow is free from turbulence throughout, 
a but that in a sharp bend, in which contraction of the stream took 
a place from the downstream tangent of the bend, considerable tur- 
Z bulence arises in the latter portion of the bend, which is not finally 
_ lost until after the stream has refilled the pipe in the downstream 

straight. 


“a 


APPLICABILITY OF THE COEFFICIENTS OF Loss. 


Ph 


4 The experiments outlined in the present Paper were carried out 
entirely with rectangular pipes, and the question arose as to how far 
_ the results were applicable to circular pipes. For the most part, 
the general principles governing the flow through circular or 
rectangular pipes are necessarily the same ; namely, the centrifugal 
action of the water, which resulted in free-vortex flow and con- 
sequent transitional losses at the beginning and end of the bends, and 
the contraction of the stream in the straight following sharp bends. 
_ On account of these principles, the Authors thought it unlikely 
- that experiments with circular pipes of wetted teak would give 
_ appreciably different coefficients from those set forth in the Paper. 
It seemed clear to them, on the other hand, that the coefficients must 
" vary greatly with the nature of the material composing the walls of 
__ the pipe, and they thought it might be possible to arrive at the 
coefficient of loss for any bend from a consideration of the known 
coefficients obtained from pipes made of any given material, together 
_ with the comparative frictional coefficients of other materials 
obtained from the flow through straight pipes. This seemed, 
_ therefore, a line of enquiry that promised useful results. So far as 
_the design of spillway-siphons was concerned, there was good reason 
_ to believe that the coefficients obtained from wetted teak as given in 
‘the Paper formed a sound basis for design on a large scale with 
- reasonably smooth concrete walls. If the walls were to be excep- 
_ tionally smooth, or rough, or were to be constructed of brick or 
stone masonry, the coefficients would necessarily differ from those 
given in this Paper. 


obligation to Rao Bahadur B. L. Modak, M.C.E., M. Inst. C.E., 
Chief Engineer of the Indore City Water Supply and Drainage 
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Scheme, for the facilities which he so readily afforded for the carrying 
out of this prolonged enquiry, and for the unfailing interest displayed 
by him in its outcome. 


The Paper is accompanied by fifteen diagrams, from which the 
Figures in the text have been prepared, and by the following 
Appendixes. 


The Council invite written communications on the foregoing Paper, — 
which should be submitted not later than three months after the date — 
of publication. Provided that there is a satisfactory response to this 
invitation it is proposed, in due course, to consider the question of 
publishing such communications, together with the Author’s reply. 
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Students’ Paper, No. 918. 


“Modern Permanent-Way Design.” 
By Ronatp Bripemay, Stud. Inst. C.E. 


(Ordered by the Council to be published without oral discussion.) 
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INTRODUCTION. 


q THE design of engineering structures, which, a century ago, was 
_ carried out largely by rule-of-thumb methods, has become more and 
more complex as research proceeded on the theoretical principles 
_ involved. 

_ Compared with the progress made in the theory of stresses and 
strains, and in many other fields, the theory of permanent-way 
design, although it is only a matter of applied geometry and 
_ trigonometry, seems to have lagged behind in the general process of 
_ evolution. 

_ Fora long time, permanent-way layouts were designed by graphical 
methods, and when an attempt was made to treat the subject 
theoretically, the first equations used were nearly all rough approxi- 
mations, and were so clumsy that they were of little more value 


R.BS.1 permanent way, about 10 years ago, a start was made in a 


1 « Recommended British Standard.” 


Pe = 


han the former method. However, with the introduction of the | ; 


satisfactory treatment of theoretical design, and it is now possible 
to calculate most layouts both quickly and accurately. a 
It is the Author’s purpose in this Paper to review the principles 


of these calculations, and the methods by which they are applied 
to practical permanent-way design on the Central District of the 
. 
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London, Midland and Scottish Railway in Scotland. 

In considering the theoretical design of permanent-way connec- 
tions, the various layouts used may be classified as follows :— 
. Half-connections. 

. Siding fans. 
Three-ways. 

. Crossovers. 

. Diamonds. 

. Double junctions. 

. Connections on curves. 
. Irregular layouts. 


MOrAIa or tb 


It is proposed to consider each of these layouts in turn, discussing 
the features governing their design, and to describe the equations 
and calculations used in solving each example. 

The following information has been added in the Appendixes. 

I. Table of equations used in these calculations. 
II. Set of Tables drawn up to facilitate or avoid the necessity 
for design calculations. 

III. Examples of typical calculations, systematized as far as 
possible to give accuracy, speed in working out, and ease 
in checking. ’ 

Before proceeding to discuss these details, it is to be emphasized 
that an important feature of connection design is to adhere as 
closely as possible to the R.B.8. practice in the following features :— 

1. Rail lengths, particularly as regards machined rails, such as — 
switch, point and splice rails. 

2. Angles of crossing. 


This allows immediate replacement from stock of worn or broken © 
components, which is very desirable in practical railway maintenance. 


Hatr-CoNNneECcTIONS. 


The fundamental data used in all connection design are the 
dimensions of the various switches and crossings. 

Throughout this Paper, a “35 crossing” denotes a crossing of 
angle 1 in 10, and cos 5 denotes the cosine of this angle, etc. 
Similarly, a “ C/10 connection” denotes a half-connection consisting 
of a “C” switch and a 1/10 crossing. 
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q 
4 


a 


Switches.—Switches are classified according to the angle of side- 


~ planing of the switch-rail, and are used in the following positions 
_ on the track :— 


ee “A” Switch—used for cramped positions in yards. 
a This is not recommended. 
J bet bok . » ~ yards. 

a ee bg = », main line trailing connections. 
oD), “hs “Fr” < »» main line facing connections. 


Details of switches are given in the Appendix, Table I. 
Crossings.—Crossings are classified according to the spread of the 
Tails, measured from the centre-line of the angle. 


’ 


x 


egies 


be Wasi ea oh 


- Thus in Fig. 1, for a crossing of 1 in N, the angle is determined 
from the equation 


Narn e CObS mT eA en gna ae MAN 


Appendix II, Table IT, gives details of crossings. 
_ Half-Connections—The main difference between the R.B.S. type 
and the old Caledonian type of switch and crossing lies in the matter 
f rigidity. The angles at the heel of the switch and at the crossing 
are, in the new material, fixed so firmly by the chairs and distance- 
blocks, that it becomes necessary to make a more exact calculation 
now than was the case with the old Caledonian material. 
_ Before the new standard was introduced, the curve of the outer 
‘rail was assumed to be tangential to the stock-rail, and the lead and 
angle of crossing were obtained from the following equations, 
teferring to Fig. 2 (p. 138) : 


L=V2Rg — ¥ (= V2Rg approx.). . . . (2) 
Bo ob Ry 

= BPAMp ROX.) co ee, oe are AT 

Sa aemavheg tS ) 


‘The point on the outer rail 44 inches clear of the stock-rail was 
then calculated by equation (2), and an appropriate blade was 
attached there. The blade was not necessarily tangential to the - 


alignment was moderately satisfactory. 


a 
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In the above equations, it will be noted that the radius was the 
dimension that was fixed, and the angle of crossing was calculate 
from it. This angle was not necessarily standard; for example, 
1 foot in 7 feet 94 inches, instead of 1-in-8. 


Pigu2. 


In the calculation for the R.B.S. connections this process is 
reversed, for the reasons given above, and the angle of side-planing 
a, and the angle of crossing @ are the fixed dimensions. A uniforn 
curve of radius R, is run between these points, and the calculatior 
is as follows, reference being made to Fig. 3 : 


nee hy —heg = g = % (4) 
cosa —cos@ cosa — cos 6 
and L=R(sn@—sina) +a... .. . (5) 
then sin B Bs a to} «doef aed 
R, 
and — wes Dy tg he Ag as Di at es, Cee (6a) 
where hg = R, cos 0. 
he = R, cos B. 
The necessary data for these equations are determined as under: 
@ . . . . details in Appendix II, Table II. 
a 
is details in Appendix II, Table I. 
b 


uw . . . . reference as in equation 9. 
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__ This design gives a typical “ Figure-I”’ 1 connection, with a uniform 
curve between the heel of the side-planing and the crossing, as 
_ shown in Appendix II, Table ITI. 
It is found desirable in practice to be able to use, for example, 
both a“ B” anda “0” switch with a 1-in-8 crossing ; in fact, there 
are thirty-six different half-connections in use with the six types 
of switch. Since it is not economical to design thirty-six sets of 
ee switch-chairs for all these radii, a standard angle of crossing 


z "i 
“a 


is fixed for each switch, and only six sets of special chairs are designed 

for these six radii. The standard “ Figure-I”’ connections are :— 
A/7, B/8, C/10, D/12, EH/16, ¥F/20 

_ The offset 0, and the angle f at the last special chair in each case 

_are then calculated by equations (6) and (6a), and the radius at this 

“point is then quickened into a turnout-curve, giving, for example, 

l-in-8 crossing with a “ C” switch instead of a 1-in-10. 

The new turnout-radius and lead are calculated by equations (4) 

and (5), substituting f for «, 0, for 0, Ry for R, and b for a. 

_ This design gives a typical “ Figure-II ” connection, with a smaller 

adius after the last special chair, and a sharper angle of crossing 

than in a “ Figure-I ” connection. 

_ When an angle of crossing flatter than the “ Figure-I ” angle is 


1 “Figure-I,” ‘Figure-II”’ and Figure-III’’ R.B.S. connections are illus- 
ated in Appendix II, Table II (p. 162). 
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curve is continued as in “ Figure-I” until the required angle t 
the stock-rail is reached, at which point a straight is run through t 
the crossing. The ofiset at the end of the straight is 


B= #086; —g >. -  e 
and the length of straight is 
Az Bian 0g ee 
and the new lead I, =T7,+A—z2 
=R,sn0,+A—av@ ... . (8a). 


This design gives a typical “ Figure-III ” connection. 
One disadvantage of these calculations, when compared with th 


0 


old Caledonian method, is that the offset at any point in the lea 
cannot be calculated directly from the radius, as the switch-curve 
is tangential to the side-planing and not to the stock-rail. 

To overcome this difficulty, the turnout-curve is produced unti 
it is parallel to the stock-rail. The distance of this tangent-point 
from the switch (x), and its offset from the stock-rail (y), are caleu- 
lated as follows, referring to Fig. 4: . 


Poe POT A Rel ee i ee ) 
+y = (R, — 9) — hg = Rp — g — Ry cos 0 oes a 


The offset at any point in the lead can then be calculated as befo 
from equation (2) by adding or subtracting appropriate values of 


x and y. | 
F 
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ER 


Details of half-connections are given in Appendix II, Table II, 
“and an example of the method of working out each case is shown 

3 Appendix III. 

re. These three Tables I, II and III are the basis of all permanent-way 

“design, and the information has been arranged to make all calcula- 

tions as rapid as possible. To avoid pees the notation used 

in them is adhered to as closely as possible throughout this Paper. 


e- 

g 

¥ 

Zz 

4 

s Srpine-Fans. 

4 In designing siding-fans, the first principle is to secure maximum 


“siding capacity in a given space. To obtain this, every siding 
should spring direct from the shunting-road, and there should be 
no secondary connections. 

Frequently, it is impossible to manage this in practice, owing 
co the position of permanent structures, and to a bad initial design. 
_ If space permits, however, the shunting-road should be made 
“straight, all siding-connections should be identical, and should 
butt on to each other, stock-rail of switch to point-rail of crossing, 
and all sidings should run parallel to the main line. 

_ The ideal connection to sidings is a B/8 with an overall length of 
“84 feet 42 inches from the end of the stock-rail to the heel of the 
“crossing point-rail. If the shunting-road runs at an angle of 1-in-8 
to the sidings, a distance of 10 feet 6 inches between the centre-lines 
‘of adjacent sidings is obtained, which is 8 inches tight on the 
“6-foot ” gauge. 

_ Rather than use a non-standard point- or stock-rail, the shunting- 
oad is usually run at a sharper angle to the main line, and the 
turnout curve of each connection is continued until parallel to the 
main line. That is, if continued until perpendicular to the shunting- 
‘road, the sidings would be at 84 feet 42 inches centres. 

- Let d denote the angle between the main line and the shunting- 


Then, in Figs. 5 and 6 (p. 142), sind = 7 pS Seeeqlattoge (11) 
Ps 1 

and , 

tangent distance of siding curve = 7 = R tan 2 RE SID 


vength of siding curve beyond crossing = 27 (approx.). 


Let s denote the distance from the crossing to the intersection 
of siding and shunting-road. 
* 
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Then, in Fig. 6, a= Tsin0 
T sin 0 
b= a/tan d = tan b 
Hence, s= T cos? —b=Tsin@ (cot @ — cot) . . (18) 


This gives the position of the crossing in relation to the siding an 
the shunting-road, for setting-out purposes. 


For the turnout off the main line or loop, a C/10 connection shoul 
be used, and the curve into the shunting road will be longer. Usuall 
however, there is a wide “ 6-foot”’ space between the main line 
and the first siding, and thus more room is available. 


Fig. 6. 


Enlargement of Crossing 6, (Fig: 5) 


Let L, denote the distance between the main-line crossing and the 


first siding crossing. ; 
y 
b est T sin 6 
Then, in Figs. 5 and 6, - aqaiitin Des 14) 
en, in Figs. 5 an t= = ae aa 
and Tp ee oe tT (15) 
sin d z e . ) 


. . . \ . . 
This dimension, minus the lead of the siding connection, gives th 
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closure from the main-line crossing to the first switch, and all 
Subsequent switches butt on to the heel of the preceding crossing. 


; 

a 5 Three-ways ” and “ points-within-points”” are both layouts 
for use in cramped positions, and the switch of one connection is 
~ sprung ” inside the lead of a second. 

For practical reasons, the three-way is not such a satisfactory 


layout as points-within-points, and should never be used where 
avoidable. 


THREE-WAYS. 


Fig. 7. 


_ The calculations are the same for both layouts, and are required 

to fix the position, angle and offset of the third crossing. 

_ The fixing data are as follows :— 

1. The type of switch, and the crossing of each connection. 

_ 2. The distance between the switches, which is usually as small 

as possible, owing to the lack of space. The minimum 

a distance, x, is given in Appendix II, Table I. 

Diverging Curves.—The turnout curve is continued until parallel 

to the stock-rail, as explained in the discussion of half-connectious. 

By using the appropriate values of x and y, obtained from Appendix _ 
, Table III, the relative positions of the centres of the two turn- 

-curves are obtained in the following manner :— ' 
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Referring to Fig. 7, 
O.B' =X +4, — a Ss 
and O,B’ = Ri + By —g—yi-— ye - = - 


Hence, solving the triangle 0,0,B’, for 0,0. and the angle 0,0,B’ 
there being two known sides and a right angle, 


h h 


‘ 7 ‘ 
E Cc 0, A 


and solving the triangle 0,0.E for the angles 0,0,E and 0,EO, 
all three sides being known, 


0,E’ = R, sin 0, EE’ 7 
= R, sin (0,0,E + 0,0.B’) 
and E = 180° — 0,0, 


and hence, clearance at E = R cos 0, EE’ —hg 


The minimum clearance at E is 1 foot 4 inches, and if this is not 
obtained, the layout must be re-designed. : 

Converging Curves—-The procedure is identical with that fo 
diverging curves. 4 

In Fig. 8, the two centres lie on the same side of the main line. 
and equation (17) becomes :— 


O;A'=Re-Rit+g+y—y.... LG) 


Details of points-within-points are given in Appendix II, Table IV. 
Owing to the number of combinations of connections possible, it is 


* 
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fot practicable to make up a complete list. Some useful examples 
_ have been inserted, however, and the Table may be extended as 

new examples are encountered. A typical calculation for this 
piayout is given in Appendix III. 


CROSSOVERS. 


- Fora simple crossover, a useful approximate equation, referring 
to Fig. 9, is 
Cree ieee eres nme (19) 


For an accurate result, however, the divergence from the main 


Ee Fig. 9. 
: 9 
Ss 1 
h 
t eif ; 
] 
Dae | Re agi bar thy ta 
eee aoe : 


cos 8 
tan 6 


h g 
— tan 0 ears ay) . . . . . . (20) 
This distance is given in Appendix II, Table II. 

 Scissors.—In this layout, a facing and a trailing crossover intersect 
jin the “ 6-foot,” as shown in Fig. 10 (p. 146). The most satisfactory 
treatment is to run a straight on each road through the diamond, 


ye used advantageously for this work, such as two C/12 crossovers, 
with a l-in-6 diamond. 

Then, in Fig. 10, 4 length of diamond = 0 = 28 feet 4} inches 

al l 4C = 10 feet 4? inches. 
Hence, length of straight inside lead = 17 feet 114 inches 
C/12 lead = 17 feet 54 inches. 


”? 2? 
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In practice, this discrepancy of 6 inches would not be noticeable, 
but if one of the standard “ Figure-III ” connections is not suitable, 
a special connection must be designed, on the principles discussed 
when dealing with half-connections. 


DIAMONDS. 


When two straight roads intersect, all four angles of the diamoud 
so formed are the same. : 
The details of diamonds are given in Table V, and the values 


Fig. 11. 


“f” and “f,” in this Table correspond with the same values in 
Table IT. 


Referri Fig. 11, eee 1s 
eferring to Fig she "eae aici be D bs (21) 
= g (< _s 

. ge aie ty} Wa Avene a 

and 0 ==, 008-8/2 = 2 es {3 
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_ Shp Diamonds.—Slip diamonds may have the slip-switches inside 
_or outside the diamond, and are known as internal or external slips 
accordingly ; the calculations in each case are similar. 
The fixed dimensions are :— 

1. Angle of diamond, 6;. 

2. Angle of side-planing of switch, «. 
q 3. Distance from knee to nose of switch, p. 


To obtain the radius of the slip curve, the tangent-distance, 7, 
is calculated in the following manner, reference being made to 
Bog. 12: 


ae 
thi 
q Op 
and en liil peay (RIE TO pa 
- cos (5 —«.) m cos (5 —«) 
q 0 
- Hence if Maca P 


7 ge. ae) 
m cos (5 —«) 


Appropriate values of m, o and p are taken from Table V, 
and from them 


yi 
slip radius, here erik aan 42 (25) 
tan (5—«.) 


i the external slip, two additional crossings, of angle 2, are 


tions (24) and (25) hold good, and the radius is fixed at that for 
oa pessndard half-connection, taken from Table III. 


introduced, as in Fig. 13 (p. 148). For a uniform radius, equa- 
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Then to obtain p, equations (24) and (25) are reversed, thus :— 
T= Rtan(5—a) pvotoek eee 

: _ (f+4) 0 (1 

and P= — ye if — a) a i, aad (27) 


This value of p and the appropriate half-connection lead fixes | 
the position of the crossings 02 in the diamond. 


Fig. 13. 


Care must be taken that there is sufficient clearance for the 
chains at the crossings 6,. The minimum clearance js 1 foot 4 inches. 

The calculation for the double slip does not differ from that for 
the single slip. 


. 
. 
Dovusie JUNCTIONS. 
It has already been emphasized that the curves of half-connections | 
should not be assumed to be tangential to the stock-rail, but should © 
be calculated from the angles of crossing and side-planing. This 
_ principle also applies to the calculation of double junctions. | 
It is impossible to fix all four crossings of a double junction as 
standard angles, but the following two should be so fixed :— 
1. The half-connection crossing, because all the leads are 
already calculated for it. 
2. The knee, because it is a very rigid structure, and liable to 
cause derailments if distorted. 
If these two angles are fixed, the radius is obtained from a modified 
form of equation (4), and from Fig. 14, thus :— 


ae te te h ; 
1” cos A—cosD cos A —cosD ° (28) 
and hy = By 008'D mt eakeeeennes tal De (29) | 
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“gi 


+ 
. 
si 


ae ae = subtracting g and h, all values of R and h may be 
ained, to 3 decimal places, and are tabulated wit 1 i 
Bete ce errr p abulated with their logarithms 

The triangles OAA’, OBB’, etc., are then solved for OAA’ and OA’, 
OBB and OB’, ete. It will be noted that the solution of the 
triangle OAA’ provides an independent check on the radius R,, as 
OAA’ is already known. 

The running measurements, A’C’, B’C’, etc., are obtained by 


oxy 


Fig. 14. 


ny pit aNd PARES Sry" e PT Wy, pa oN 


F 


- subtracting the ordinates OA’, OB’, etc., as for example A’C’ 

_ = 00’ — OA’. 

The angles C and F are obtained by equation (1), and the method 

_of calculation for this layout is given in Appendix III, and the 

- details of double junctions are given in Table VI. 

If the branch-line closures are required, they are obtained from 

_ the radius R, and the subtraction of the crossing angles, thus :— 

AOD = ODD’ — OAA’ 
AD = 2R, sin AOD. 


The ideal junction is one with the diamond radius equal to the 
_half-connection radius, and as the flattest diamond allowed by the 
‘Ministry of Transport is 1-in-8, it will be seen from Table VI that — 
the junction that best fulfils these conditions is the D/12 half-" 
connection with a 1-in-8 knee. If the half-connection crossing is 
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There are two ways in which this difficulty can be overcome, and 
the curves through fast-running junctions improved :— * 
1. By widening the “ 6-foot ” space through the junction. In 
; practice, this is undesirable, and often impossible. 

2. By using switch diamonds: With this layout, there is no 
limit to the radius of the diamond curve, as the knee can 
be made flatter than the flattest half-connection crossing. 
It has been tried out and found satisfactory, and if train 
speeds continue to increase, the use of this layout must 
spread extensively. 


CoNNECTIONS ON CURVES. 


In all the calculations described up to this point, connections 

have been assumed to branch off a straight main line. ‘ 
Where the main line is curved, and the same angle of crossing 

and lead are required, the turnout radius must be altered. 
Let R denote the new main line radius 


See * turnout ,, 
i ,, equivalent radius off a straight for the required 
crossing and lead. 
is brs Lcrick 
Then for diverging curves, ha tenet . (380) 
and for converging curve free, 31 7 
ging ® g-pte- (31) _ 


These equations are approximations, but give results quite accurate 
enough for practice, and the reciprocal column in Tables III and VI 
makes the calculation a rapid one. 

; On curved track, the “ scarcement ” of the low leg for a length 
6 ag ; ; } 


i " 
Ss =o (all units in feet) . . . . (32) 
6 L . 
or Se TR : (32a) 


S = Scarcement in inches 
L = Length in feet 

R = Radius in chains 
.9 = 4 84" gauge. . 


where 


Double Junctions —The accurate calculation of double junctions 
on curves is rather an involved process, and before commencing 
design, a versine survey should be made of the line, and the main- 


is 


Bepossible. ~= ~~ 

_ The fixing data are :-— 

ye 1. The main-line radius, R,. 
2. The angles A and D. 

3. The 6-foot distance, h. 


Fig. 16. 


Ry —h/2__ 
x (cos A — cos D) — cos A 


4& : 


and similarly, from Fig. 16 (p. 152), 


> 
ene! 
r > 


| 8 =p for diverging curves . 
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3 The first step is to obtain the branch-line radius as follows :— 
Referring to Fig. 15, in the triangles 0,;0,A and 0,02D 


- 0,0,2 = Rez? a S,? + 2R3S, cos A = R,2 + S,?2 + 2RS, cos D. 
‘Then, substituting (R. — h) for R3 and cancelling out, this leads to 


(33) 


151 


line radius made uniform through the junction, and as flat as 


| S, = Toy rey ae = | : for converging curves. . (34) ee 
a pic A — cos D) + cos D a: 


Y \\ 


Tht 
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By adding or subtracting g and h, all values of K and S may be 
obtained to three decimal places. Then the triangle 0;0,D may be 
solved for 0,0, two sides and the included angle being known, and 
all the triangles 0,0.A, 0,058, etc., may be solved for the angles, 
since all three sides are known. 

As in the calculation of a straight junction, the solution of the 


Fig. 16. 


triangle 0,0,A ‘gives an independent check on the branch-line 
radius. 

The angles subtended at O, and the radius R gives the running | 
measurements AC, BC, etc., from the following :— ‘pa 


CD = 2R, sin 2C00,D9 8 98. gen 


The angles subtended at O, and the radius S give, in a similar way, 
the branch-line closures if required, and the apex angles A, B, etc. 
give the angles of crossing. 

A typical calculation for diverging curves is given in Appendix 
III, and the results for a 1-in-12 + 1-in-8 junction are as follows :— 
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_ Main Line Radius. a b c d e af tH] 


a 
wr: 
_" 
"Divergent 25 chs. | 19’ 21”| 19’ 83” | 42’ 63” | 42’ 43” | 34’ 23” | 34’ 72” | 967 8” 
e BO. g; 11973" -| 197-9" | 42’ 8”. | 42°51”) 34’ 34” | 34-74” | 96’ 927 
"Straight 19’ 3” | 19’ 92” | 49’ 72” | 49’ 31” | 34’ 32” | 34’ 72” | 967 72” 
" Convergent 50 chs. | 19’ 2” | 19’'71”} 42’ 7” | 49’ 23” | 34’ 33” | 34’ 63” | 96" 43” 
= 25 ,, |19’2” | 19’ 6g” | 42’ 78” | 42” 24” | 34’ 43” | 34’ 62” | 967 33” 
e 
a 


_ These differences are largely accounted for by the “ scarcement ”’ 

of the low leg, and would not be noticeable in practice. 

_ Ina 1-in-6 + 1-in-4 junction, the overall length is 48 feet 6 inches 

“for a straight, and 48 feet 10} inches for a 10-chain diverging curve. 

Z This difference might be noticeable in practice, but to such a small 

extent that it may usually be disregarded. 

3 This example represents an extreme case of sharp curves, such as 
rarely occurs on fast-running lines. 

; The calculation for a junction off a curved main line takes approxi- 
mately four times as long to work out as the case for a straight 

“main line, and in most cases the latter method gives results sufficiently 

‘accurate for good practice. Where the branch-line closures are 

- required, however, the full calculation must be made. 

_ The above equations (28) and (29) provide a proof of the equivalent 
radius equations (25) and (26), in the following manner :— 


zg (i) For diverging curves 
shy PL es 
cos A — cos D 


1 il 
” ” (30), S > E re R 


cosA4—cosD 1 


From equation (28), H = 


- h ty 2 
__ R (cos A — cos D) sah 
f2 Rh 

R 


2 


5 (cos A — cos D) —1. 


h 
Ry cos B — 5 


ef, equation (33), Sy = 
= (cos B — cos #) — 1 
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(ii) For converging curves 
h 


From equation (28), # = ew Eee 


+) ? (31), 
cosA —cosD , 1 
Mr eee: 
__ R(cos A — cos D) + A 
ee Rh 

R 


* (cos A —cos D)+1 


> 


Hence, Se 


Rg = 
pee” 


cf. equation (34), S; = : 
< (cos A — cos D) + cos D 


If : is neglected as being very small compared with R, and cos 


is valued at unity, which is very nearly correct, as cos (1 in 4)=0-9692, 
these equations agree.. 


TRREGULAR Layouts. 


In_ practice, many irregular layouts are encountered, due 
broken curves and varying “ 6-foot”’ spaces, for which calculation: 
cannot be systematized. | 

Each must be treated on its individual features, but it may b 
stated that the following fundamental principles apply to nearly all 
problems. 

1. Find the radius of all curves. 

2. Find the relative positions of the centres of all curves. | 

3. Fix the position and angle of each crossing, by solving the 
triangle it forms with the centres of the two curves 
forming the crossing. | 

The first step is always to draw a diagram of the layout, and from 
it a method can usually be devised for obtaining the above 
information. 
DRAWINGS AND Dimensions. 


The information to be given on the drawing depends ae a 
the object of the drawing and on local practice. _ 
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The essential information is :— 

2 1. All leads and running measurements. 

: 2. All angles of crossing and types of switch. 

— 3. All curve radii. 

; A plan to a scale of 164 feet to 1 inch is suitable for this purpose, 


and the information is sufficient to lay out the job in the permanent- 
“way workshops. 
Z The standard drawings give all the necessary details of switches 
and crossings, but if there are any non-standard features, such as a 
‘special crossing angle, or a continuous check-rail, full details should 
be shown on the plan. 
- Occasionally it is necessary to show all rail-lengths, joints and 
beams, and a larger scale, usually 8} feet or 8 feet to 1 inch, is 
required. 
Since it is sometimes necessary to shift the position of a crossing 
few inches, rail-lengths do not always tally with the dimensions on 
he plan. Any such alterations during manufacture should be 
noted on the plan, and care taken that they do not materially affect 


E he alignment of the track. 


PRACTICAL CONSIDERATIONS. 


_ This Paper has, so far, only dealt with the theory of permanent- 
vay design, and it is necessary to point out some features that may 
ave to be modified in practice. ov : 

It has already been emphasized that machined rails in switches 
nd crossings must be kept to standard lengths as far as possible, and 
this fixes the distance between a crossing and a switch “ butting-on ” 
behind it. In the same way, a facing and a trailing switch on the 
same track are separated by the extension of the two stock-rails, 
vhich is 10 feet 10 inches. If a larger clearance is required, the 
closure-rail should be made a standard length if possible: 

If the lead of a C/10 connection is increased by 3 inches to 
‘81 feet 04 inches, it allows an uncut 45-foot rail to be used 
between the heel of the switch rail and the crossing wing rail, 
where otherwise 14 feet 9 inches would require to be cut off a 
60-foot” rail. Since this connection is employed extensively, the 
bove practice effects a considerable economy, and the discrepancy 
of 3 inches in the lead is not noticeable. 

Facing points on main lines require a clearance of 46 feet to the 
next switch, to allow for the provision of a lock-bar ; in the case of 
power-operated points, this clearance becomes 52 feet. Where the 
juisite space is not available, the lock-bar may be located inside — 
1e lead of the facing-switch, but this practice is not desirable. 

ee . 
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The new method of beaming connections has led to some difficulties 
in layouts such as crossovers and double junctions, where a track 
crosses over a “ 6-foot’ space. For example, in the 1-in-10 crossover, 
the “ D” chairs of the two crossings lie on the same beam; this 
fixes the crossover distance at 16 feet 11 inches, or 4 inches less than 
the calculated dimension. 

This difference is met in practice by two alternatives :— 

1. Keeping the practical dimension of 16 feet 11 inches, and 
tightening the “‘ 6-foot ” space accordingly. 

2. Keeping the calculated dimension of 17 feet 3 inches, and 
using the chairs of a flatter crossing, which will lie farther 
apart. 

Where the difference between the theoretical and the practical 
dimension is small, the first alternative is usually adopted, but where 
the ‘‘ 6-foot ” space would have to be tightened to such an extent 
that it would spoil the alignment of the track, the second alternative 
is preferable. ; 

In the design of double junctions, the inside half-connection leads 
the other by approximately 6 inches. In practice, this lead is 
sometimes required on the outside half-connection, to suit the 
drive of the point-rods, and when this is the case, the position of 
the switches is altered to give the required “‘ stagger.” The crossings 
should be kept in the same positions, as a difference of 6 inches in a 
lead of from 80 to 100 feet is not noticeable. 


Where space permits, it has been found convenient to bring — 


. forward the inside half-connection of a double junction a distance of 
40 feet. This widens the “6-foot”’ space of the branch line to 
approximately 11 feet, and so avoids the necessity of beams 25 feet 
in length supporting all four tracks. It also makes it possible to 
use a longer connection than is practical for the road through the 
diamond. 

In complicated layouts, where two crossings occur close together, 
care must be taken that they are separated by a distance sufficient 
to prevent the special chairs of one crossing fouling those of the 
other. 

These are the salient features to be kept in mind when designing 
permanent-way layouts, and a little consideration of the practical 
difficulties before drawing out the plans may save much trouble 
and confusion later. 


CoNCLUSION. 


Railway-traffic almost invariably experiences the roughest running 


when passing over connections, and if the high standard of comfort 
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on British railways is to be maintained, it is essential that this portion 
of the track should be very carefully designed. 

Graphical methods of design require very fine draughtsmanship, 
and do not give a sufficient degree of accuracy for present-day 
conditions on fast-running lines. 

Throughout this Paper, it has been the Author's aim to explain 
the fundamental principles of accurate permanent-way design, and 
the application of these principles has been proved to be effective in 
practice. 

In conclusion, his thanks are due to Mr. T. A. Burnside, B.Sc., 
Assoc. M. Inst. C.E., for his help in arranging this Paper and 
checking some of the results. 


The Paper is accompanied by one sheet of blue-prints, from 
which the Figures in the text have been prepared, and by the 
following three Appendixes. 


APPENDIX I. 


DEsIGN EQUATIONS. 


Fig. | Equtan. 


Layout. Equation. NGaINBNG! 
Crossings N = 4cot 40 1 
Half- D=V2hg—gi 
Connections (= V2 Rg approx.) p 2 
Ni 2y = = iy (approx. ) 
Half- 90,068 y= jee 6 . 
eee Raa L=R,(sin 6 — sing) +a 5 
hod F b+a 
g R, 8 Og =9 ths — hy ‘ 6a 
=g-+ R, cos 0 — R, cos B 
RO, hs B= R, cos 0, —h, Ff 
A = Bjsin 0, 8 
R,OA 2% L,= RF, sind, +A—2x 8a 
R,L6 +a=T-—L=R,snd—L 9 
Rg 8 +y= R,—g — R, cos 0 0 
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a 
Layout, Data. Equation. Ne bs Oe : 
oe : ky 
Siding Fans ky Ly sin ¢é = — 5] Il 
1 
R48 T = Rtant—* 6| 12 
Me) s = 7' sin @(cot 6 — cot ¢) 6] 13 
a _ Tsin 6 6 cis 
> sin ¢ 
ee 
ks tT ¢ Lig 3 rete abled eee Bo | a 
Points-in- Dit te O,B’ = X + 2, — 2, 7. 6 
Points | R,R,y,¥29| O.B’= Ri + Rk, —9 —41 — Ye 7) 
ana : 
~~ Oph seh, AR by 9 8} 18 
eral 
Crossovers Nhg c = N(h — g) (approx.) 9°} 19 
geal g 
akg °= jan 0 sin 6 Ys ae 
log 6-458 0-810098 
>, 4:708 0:672836 
Diamonds g 9 ‘ioe ll 21 
sin 6 
copes ae 2 
” Se ll 22 
m 0 0 = meoss ll | 23 
Slip- mopaba T= — —a 12 | 24 
Diamonds ™ COs (5 = a) 
(Internal) 2 
T 0 6 Re - 12 | 25. 
tan (5 = x) 

Slip- Raé 7 = Rtan(5— a) 13 | 26. 
Diamonds 9 
(External) | @moT' a 6 p os + mn cos \s- a.) 13 | 27 
Junction hAD R= Q : 

. 1 cos A — cos D 14) 28 
R,D h, = R, cos D 

. ; it Poet 
Equivalent ER | 3=5-5 (Diverging Curves) 

Radii a: ck : 

adii i Le 
” BET ; (Converging Curves) 
Pale e 8 in inches 
a % »» feet 
LR Scarcement = = = = 7B)R., chai 
g = 4’ 8)” 


wee eX 


Flas 


Li 


id 
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Fig. | Equtn. 
No.| WN 
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oO. 


33 


34 


36 


37 


‘ 


Layout. Data. Equation. 
BR, =5 
Diverging | &R, A D EE 
Junctions F (cos A — cos D) — cos A 
" h 15 
R, cos B—5 
LAG Fe See — ee 
1 va BY 
a (cos B — cos H) — 1 
nh 
Converging | hk, A D SoS = 
Junctions 5% (cos A — cos D) + cos D 
: h 
&, cos B + 3 
a 
=, (cos B —cosH#)+1 
k 16 
D 
S, cos D + z 
hS,AD | ork, = a 
_ ae (cos A — cos D) 
s, 4 
AS,BE One 5 
cos B — _? (cos B — cos £) 
R,CO,D | CD = 2k, sin }C0,D 16 
Solution of 3 sides S=t(a+b6+ 0c) 
Triangles a, b, ¢ ; VSS — a(S — b)(S — c) 
tan $A = 2 RNY ae 
~ (Sa) 
K task 
tang B= @=5 at tan 40 = (Sc) 
2sidesand [4+ 8B) 
incl. angle | = 90° — 2€ 
a,b,c |tan3(A — B) 
a—b 
= B 
nee ;, tan 3 (A + B) \ 
.,, 60s (A + B) 
c = (a +b) pie ee 4(4 — B) | 
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TasLe IV.—Portnts-1n-Pornts. 
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6 2s 3 Leads. Crossings. 
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Eos A R oe x Y 
SAlz2|E| % Ly C D E ates 
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TasLte V.—DIAMONDS. 


Slip Diamond. 
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APPENDIX III. 
TYPICAL CALCULATIONS. 


1. Hatr-Connection (C/10). 


BRIDGMAN ON MODERN PERMANENT-WAY DESIGN. 


Refer to Appendix II, Table II (“‘ Figure-I ”’) and Fig. 3. 


From Appendix II, Table I, cos «, 


From Appendix II, Table II, cos ;; * 
g se 04 4’ 83” — 22” ’ 
Tae cos &@ — cos 8 COS a, — cos + 
c 10 
4-4792 g—0, log 
~ -0046752 cosa —cosd ,, 
R, 9 
= 958:073’ = 14:5 chs. 
sin 75 
SiN O&¢ 
L, = R,(sin 6 — sina) = 71-62 
Ry, log 
, =71'74”  snd—snag ,, 
(from Appendix II, TableI) = 9’ 2” Ly, a9 
Beebe a = 80’ 94” 


(altered to 81’ 04” for practical convenience) 


R, log 
sin 0 - 
a bey 
T = R,sin 0 = 95-569 
hs = R, cos 0 = 953-296 Ry ” 
cos 0 4 
z= TT ~— L = + 14-527 hg +) 
y=R,-—q-—h, = + 0-069 
b (from Appendix II, Table I) = 28’ 6” 
b+a log 
ba 43-277 Ry ” 
sin 8B = , ie 
R, 958-073 sn. ,, 


= 2° 35’ 20” 


0-9996876 © 


0-9950124 
0-0046752 


0-651200 
3°669801 


2-981399 


0-0997510 
0-0249944 


0-0747566 


2-981399 


3-873649 
1-855048 


2-981399 
3-998917 


1-980316 


2-981399 
1-997829 


2-979228 


1-636257 
2-981399 


2-654858 


* See notes on pp. 136 and 137, in connection with « angle of crossing.” 


— 
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R, — log__2-981399 


hz = R, cos B = 957-096 . cos B 5» 1999556 
ho », 2°980955 
ies = 953-296 
0, = 9 — (hy —hg) = 4708 — 3-800 
= ~ -908/ —* 102” 
aor 
2. Hatr-Connection (C/8). 
Refer to Appendix II, Table III (‘‘ Figure-II”’) and Fig. 3. 
From Appendix II, Table I, cos f, (0)-9989793 
‘ From Appendix IT, Table IT, cos 4 0-9922178 
& | 0-0067615 
a a oe __ £708 — 0-908 : 
> cosB—cos@ cos By — cos} . ae 
g—0, log 0-579784 
} 3-800 cosB —cos$ ,, 3830043 
S = | ae ee R, 2749741 


= 562-006’ = 8:5 chs. 


insh.  — SGeIAGT aa 


sin Be 00451693 
0-0793448 


?o(sin 0 — sin B,)= 44-592 


=44'7)" — sin@—sinB log 3899518 
dix II, Table I, b = 28’ 6” Ry 5 2749741 


=1,+b ee 7314" L, 5, 1649259 


Ry log 2-749741 — 
» 1095219 
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3. Hatr-ConngoTIon (C/12). 


Refer to Appendix II, Table ITT (‘‘ Figure-III ”) and Fig. 3. 


R, log 2-981399 
sin 5 5» 2°920065 


7 =>R sin’ = 79-701 ue .» 1:901464 
h’ = R, cos & = 954-753 R, +  2°981399 
cosy; ,, 1-998492 
B=W —h, = 954-753 — 953-296 h’ | >» 2°979891 
— 1457=V5)" B ». 0°163460 
sin, —,,._-3-920065 
pues = 17-514 = 17' 64” A 5,  1:243395 
sin 0 ; 
Tie=T’+A = 97-211 
Lig = Tyg — 2 = OT21 — 14-777 
= 82-434 
= 82/5}” 


4. Pornts-witHtn-Pornts (Diverging, see Fig. 7). 
Data : lst connection = C/10 
2nd as = B/8 
X = 29’ 32’, from Appendix II, Table I. 


O,B’ = X, +2, — 2, 
= 29-292 + 14-527 — 11-847 
= 31-972 . 
0,B’ = Ry + Ry -—g —y1 — Ye 
— 958-073 + 614-085 — 4-708 — -069 — -071 


= 1567-310 
“Solve triangle 0,0,B’ j 

P O.B O,B’ log 1-504770— 
tan 0,0,B’ = aS OB’ » 3°195155 
. tan 0,0,B »» 2:309615 

= 00T 
O,B’ 0.B’ » 3195155 
© 0,4 aa cos 0,0,B »» 1:999910 
cos 0,0,B el 

0,0. = 3:195245 _ 
= 1567-635 


ol 


a) 


‘, 
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Solve triangle 0,0,E (by Equations ( 
O,E= Rk, = 958-073 S — R, = 


O.E = Rk, = 614085 S— Rk, = 


0,0, = 0 = 1567-635 S —o 


2)3139-794 
S = 1569-897 8 


tan40, = 2° 42’ 56-6” 


| 


» 40,= 1°-44’ 20-9” 
» FE = 85° 32’ 42-5” 
90° 00’ 00-0” 


0, 
#E 


I 


| 


I 


36)). 
611-824 


955-812 


2-261 


1569-897 


6° 35/63” 


S — fi, log 2-786626 
S— kh, ,, 2-980372 


S—o ,, 0354301 
S .. 319587] 
2)9-317170 
4-658585 
S » 319587] 
K 1-462714 


S—R, ,, 2°786626 
tan 30, ,, 3676088 


K 1-462714 
S—R, ,, 2-980372 


= 3°28'42” taniO, ., 3-482342 
= 171° 05 25" °K 1-462714 
(8° 54’ 35”) S—O ,, 0354801 


= lin 6’ 5’ tan3H ,, 1-108413 


0,EE’ = 0,0,E + 0,0,B’ = 4° 38’ 49” 


0,E = R, sin 0,EE’ 9 = 77-617 


Y=(CEH=7—0,E = 95-569 — 77-617 


R, . log 2-9813899 
sinO0,EE’ ,, 2-908558 


= 17-952 = 17°11)" 


Clearance at H = R, cos 0, EE’ —hy, 


0,E’ » 1:889957 


R, log 2-981399 


cos O,EE’ —,, 1-998570 


= 954-924 — 953-296 


— 1-628 = 1’ 7}” 


2-979969 


5. DouBLE JUNCTION (on straight, see Fig, 14). 


Daia: A=1inJ]2 
B=1in8 
h = 6-458 


cos 51, 9965338 
cos + 9922178 
-0043160 ~ 
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pec h log 0-810098 
cos A — cos D COS yy — COS og SPE oa tO 3.635081] 
i ee R, 3-175017 
0043160 

= 1496-293’ = 22-7 chs. R, oe 3:°175017 

4-708 
Ry = 1491-585 R, ,, 3173648 

6-458 
R, = 1485-127 Rs » 3171763 
R, »» 3175017 
h, = R, cos D = 1484-652 cos D »» 1:996607 
6-458 ee 
hs » 3171624 
hy = 1491-110 hy », 3173510 
hs = 1484-652 hs », 3171624 

4-708 
hy, = 1479-944 hy ,. 3170246 


Solve triangle OAA’ 
hy 4, 3:173510 


hs Check 
= — = 4° 46’ 11:8” Ry 4, 3-175017 
ag Ry (, =4° 46’ 19”) : eee | 
; cosA ,, 1-998493 — 
Ry »» 8175017 
OA’ = R, sin A = 124-43 sin A », 1919888 
; OA’ 5» 2094905 


Similarly solve triangles OBB’, OCC’, ODD’, OEE’ and OFF’. 


A‘C’ = OC’ — OA’ = 143-68 — 124-43 = 19-25 = 19’ 3” 

B’C’ = OC’ — OB’ = 143-68 — 123-92 = 19-76 = 19’ 9}” 
C’D’ = OD’ — OC’ = 186-31 — 143-68 = 42-63 = 42’ 74” 
C’E’ = OE’ — OC’ = 185-97 — 143-68 = 42-29 = 42’ 34” 
D’F’ = OF — OD’ = 220-57 — 186-31 = 34-26 = 34’ 3)” 
E’F’ = OF’ — OE’ = 220-57 — 185-97 = 34-60 = 34’ 72” 
B’F’ = OF’ — OB’ = 220-57 — 123-92 = 96-65 = 96’ 73” 


6. DouBLE Junction (Diverging curve, see Fig. 15). 


Data : B=1in12 &,= 50 chs. = 3300-000 feet. 
E=1in8 R,=R, —g = 3295-292 
h = 6-458 R, = R, — h = 3288-834 


”? 


” 


7 eg een, pos cos B 09965338 
Miqcation (18), 3,2) — = ee eee eee 0-9922178 
=, (cos B — cos #) — 1 0-0043160 


‘ 


oe |. 
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Check 


__ 3300 cos 34, — 3-229 Ra log 
om 0043160 — 1 side ai 
6-458 
3288-561 — 3-229 as e 

2-205447 — 1 004316 ,, 
3285-332 h ns 
~~ 1-205447 


3285-332, 
1-205447 


= 2725-405 
S, = 2730-113 = 41-4 chs. 
S. = 2725-405 
S, = 2718-947 


ing 
Si Bok 
Tears! 
~ 22-7 50 
S = 41-6 chs. 


3°518514 
1-998492 
3517006 
3°518514 
3-635081 
1153595 
0-810098 
0-343497 


3:516579 
0-081148 


3435431 


Solve triangle 0,0,E (R, = 3300 S,= 2725-405 H=180°— (lin§8) 
=172° 50’ 50”). 
By equation (37), 
~ #0, + O04) = 90° — 3H 


tan 3(0>5 


(Adding) 


3° 34’ 35” 


eee R, — 8, log 2:759362 
SOS RAS, tan}(0,+9) R,+8, ,, a 
3.979376 
rr. ii 5. 
__ 574595 gogarggr tn 02+ 01) », 3-795885 
6025-405 tan }(0,—O,) ,, 3-775261 
4(0, — 0,) = 0° 20’ 29-4” 
3(O. + O,) = 3° 34’ 35” 
“0, = 3° 55’ 04-4” 
(Subtracting) 0, = 3° 14’ 05-6” 
E = 172° 50’ 50” 
~ 180° 00’ 00” 
cos $(O, + O;) 
0,02 = (Ry + 8) 10, —0,) (Ri + S82) log 3-7799862 
cos (O.+-0,) ,, 1-9991534 
cos 3° 34’ 35” 3-7791396 
= 6025405 507 20°29-4" cos (O,—O,) ,, 1-9999925 
: 0,0,  » 37791471 


= 6013-779 
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Solve triangle 0,0,B (by Equations (36)). 
O,B=a= 330000 S —a = 2716-363 S—a log 3-4339881 


S—b ,, 3-6181739 

0.8 =b= 2718-947 S=— b= 3297-416 S—c  ,, 0-4122930 
S ,, 3°7793341 

0,0,=¢= 6013-779 “Sie 2-584 2)11-1437891 
2)12032-726 5:5718945 

S= 6016-363 S = 6016-363 S » 93°7793341 


K 1-7925604 
S—a_ ,, 3-4339881 


tan 30, ,, 3-3585723 
10, 1°: 18" 29°04 O,= 2° 36’ 58” 
a ek 1-:7925604 
40,= 1° 04’ 39-4’ O,= 2°09°19" S—b log 3-5181739 
tan $0, ,, 2-2743865 
. 4B = 87° 36’ 51-6’ B = 175° 13’ 43” 
90° 00’ 00-0” (4° 46’ 17”) K 1-7925604 
(Check 5}; + = 4° 46’19”) S—c log 0-4122930 


tan 4B ,, 1-3802674 


Similarly solve triangles 0,0,A, 0,0,C, 0,0,D, 0,0,F. 
$A0,C = $C0,0, — $40,0, = 1° 14’ 56:3” — 1° 04” 54-0” = 0° 10’ 02:3” 
4B0,C = 4C0,0, — 41B0,0, = 1° 14’ 56-3” — 1° 04’ 39-4” = 0° 10’ 16-9” 
Similarly obtain }CO,D, 3CO,E, }DO,F, 4E0,F, $BO,F. 


AC = 2R, sin }A0,C = 6600-000 sin 0° 10’ 02:3” = 19-25 = 19’ 3” 
BC = 2R, sin }B0,C = 6590-584 sin 0° 10’ 16-9” = 19-74 = 19’ 9” 


CD\= Similarly == 42’ 8" 

CE = 7 — 49/ 5} 
DF = “5 = 34’ 33" 
EF = : ” a 34’ 7} 
Bi ” < ae 96’ 93” 


Searcement of low leg = $ x $8 = 1}” on 96’ 0” 
On low leg, BC + CD a: DF = = 96’ 82” - 
. High leg equivalent = 96’ 10” (BF = 96’ 93”) 


The Council invite written communications on the foregoing Paper, . 


which should be submitted not later than three months after the date 


of publication. Provided that there is a satisfactory response to this — 
invitation it is proposed, in due course, to consider the question of 


publishing such communications, together with the Author’s reply. 


_ 


are 
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ENGINEERING RESEARCH. 
THE INSTITUTION RESEARCH COMMITTEE, 


Joint Sub-Committee on Special Cements. 


Tue cracking and deterioration of large concrete dams has become 
a serious problem of recent years. The fact that the problem has 
only recently become of importance is largely due to the high speed 
of construction with modern plant, as a result of which the internal 
heat of the concrete has little chance of escaping. In addition, 
evidence has accumulated regarding the gradual attack on concrete 
by certain types of impounded water. The deterioration that has 
occurred within a relatively short period of years in some dams, 
particularly on the Continent, has been such as to necessitate the 


_ expenditure of large sums of money on repairs. The problem, 


therefore, resolves itself into a study of the causes of shrinkage and 
deterioration in concrete. Shrinkage-cracks may be due to two 
causes: the attainment of a high temperature during setting with 
subsequent cooling and thermal contraction, and such change of 
volume as is due to setting and drying-out of the concrete. The 
temperature factor is the more important in the case of dams where 
the drying-out of the concrete is hardly likely to extend far into the 
mass. The deterioration is mainly due to the solution and leaching- 
out of lime from the cement by very pure or slightly acid waters 
such as are often found in mountain areas. The rate of deterioration 
depends largely upon the permeability of the concrete whereby the 
attack of the corrosive waters is not confined to the surface of the 
dam. The inter-related questions of the water-cement ratio and the 
factors governing the workability of a concrete during deposition 
also require investigation. 
In 1934, the International Commission on Large Dams of the 
World Power Conference formed a special International Committee 


to deal with the problem of cements for large dams, and the British 


- Committee on Large Dams set up a Sub-Committee to deal with 
the problem. The British Sub-Committee is kept in touch with the 
work in progress in other countries through the medium of the 
corresponding International Committee. 

The work which the British Sub-Committee consider of the greatest 
importance, and with which they are now proceeding, is an investi- 
gation of the heat evolved during setting of cement and of the 


7 
4 solubility of cement in pure and slightly acid waters, the investigation 
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being confined to Portland cements, Portland blast-furnace cements 
and pozzuolanic cements. It is not proposed that the Sub-Committee 
should evolve a special cement with low heat of hydration and high 
resistance to attack, but rather that it should enunciate and specify 
the special properties desired in cements for large dams which are 
not covered by the usual cement-specifications. Before such a 
specification is possible, it is necessary to formulate simplified 
standard tests suitable for ordinary routine purposes. 

There are at present available three methods of determining heat- 
evolution during hydration of cement :—(a) methods of adia- 
batic calorimetry, (b) methods depending on the heat of solution, 
and (c) subsidiary methods such as measurements of the temperature- _ 
rise in setting cements or mortars in vacuum flasks or other 
containers. The British Sub-Committee has had an investigation 
carried out comparing the results of methods (a) and (b). A very 
simple and cheap adiabatic-calorimeter apparatus for tests on 
heat-evolution in concretes has been developed and found satis- 
factory, and the results obtained indicate that the adiabatic method 
is preferable. A range of cements of the Portland, Portland blast- 
furnace and pozzuolanic types has been studied and their heat of 
hydration measured. From the information now available it is 
probable that the Sub-Committee will be able to suggest at an early 
date a specification for cement of low heat-evolution together with 
methods of testing. With regard to the solubility of cements, 
a comparison of different methods of testing is in progress, but it is 

too early to give any results. ; 
_ In view of the importance of this research to engineers, The — 
Institution has decided to take an active part in the work, and the — 
Sub-Committee will continue with the same personnel as a Joint 
Sub-Committee of The Institution Research Committee and the 
Special Cements Sub-Committee of the British Committee on Large 
Dams. Its membership is as follows :— 


Dr. R. E. Stradling (Chairman), 


Mr. R. G. Franklin, 
Mr. W. T. Halcrow, 


Mr. B. M. Hellstrom, 
Dr. F. M. Lea, 
Mr. 8. G. 8S. Panisset, 


Mr. R. H. H. Stanger, 
Mr. W. H. Woodcock. 


The research is being carried out at the Building Research Station. 
The work still remaining to be completed consists chiefly of the 
examination of methods of judging the solubility of cements in _ 


F 
wl 
a 


+ Pa 
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various types of water, and of such additional tests on the relative 
drying-shrinkage and workability of cements as may later be found 
necessary in order to ensure that cements of low heat-evolution and 
solubility are not inferior in these other respects. 


Joint Sub-Committee on Pile-Driving. 


The subject of pile-driving and the bearing power of piles has 
long been highly controversial. Lack of knowledge has resulted 
in the use of empirical formulas which are far from satisfactory. 
Consulting engineers have had to safeguard themselves by imposing 
very stringent conditions, and contractors have suffered. many 
breakages of reinforced-concrete piles and much expense and 
loss of time. In the circumstances it was natural that research on 
pile-driving should be initiated by the Federation of Civil Engineering 
Contractors in collaboration with the Building Research Station. 
This work was commenced in September, 1931, and a description of 
it and the conclusions reached to date have already been published.1 

The Research Committee of The Institution of Civil Engineers 
has now taken over the work. The Reinforced-Concrete Pile- 
Driving Research Committee has been constituted a Joint Sub- 
Committee of The Institution Research Committee and will continue 
to function, with the same personnel :— 


Mr. G. G. Lynde, Chairman, 
Mr. G. M. Burt, 
. Dr. W. H. Glanville, 
Mr. A. Melville, 
Mr. G. B. R. Pimm, 
Sir Leopold Savile, 
Dr. R. E. Stradling. 


It held its first meeting on the 17th January, 1936. 
The following programme for future research has been adopted :— 

(1) To test under practical conditions the peak-stress indicator 
referred to in the above-mentioned Paper. 

(2) To make tests on packing to obtain packing constants, 
bearing in mind the possibility of developing ideal and 
standard material or method of cushioning. 

(3) To obtain more information on the subject of vertical 
earth movements during driving. 


1 W. H. Glanville, G. Grime, and W. W. Davies, “The Behaviour of Rein- 
forced-Concrete Piles During Driving,’ Journal Inst. C.E., vol. 1 (1935-36), 
p. 150. (December, 1935.) 
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‘ 


(4) To investigate the resistance to impact of concrete, plain 
and reinforced. 


It is estimated that this research will take at least 2 years. 

As the results already obtained and embodied in Dr. Glanville’s 
Paper are of great significance, it has been decided to prepare some 
notes and practical suggestions arising therefrom. These will be 
published in an early issue of the Journal. 


THE WORK OF THE NATIONAL PHYSICAL LABORATORY. 


The National Physical Laboratory, by virtue of its duty of main- 
taining the fundamental standards of measurement of the country, 
may be said to be one of the foundations upon which the engineering 
industry of Great Britain rests. The Laboratory was founded at. 
Teddington in 1900. Its growth has been rapid, and it now occupies. 
a site of 50 acres and sixteen large buildings. Until 1918 the Labora- 
tory was controlled by the Royal Society, but in that year it became 
a part of the Department of Scientific and Industrial Research. | 
The Royal Society, by agreement with the Department, continues, 
however, to control and advise on the work from its scientific aspect, 
and the President of the Royal Society is, ex officio, Chairman of the 
General Board of the Laboratory. 

A brief note of the objects for which the Laboratory was founded 
and a list of the eight main Departments were given in the December 
‘number of the Journal. An outline will now be given of the manifold 
ways in which the Laboratory is assisting the engineer, mentioning 
more particularly the work of the Engineering Department. With 
increasing efficiency in engineering design, the use of new materials, 
and the development of high-speed engines and machinery, it has 
become imperative to study more closely than formerly the properties 
of the materials involved. Many researches bearing on these prob- 
lems have been carried out in the Engineering Department of the 
Laboratory since its inception in 1902, a number of which have been. 
described in Papers presented to The Institution. 


Research on Materials. 


Of the researches on materials at present in progress, the most 
important are probably those on the fatigue of metals. They | 
include fundamental researches on the mechanism of fatigue- 
failures in single crystals and crystal-aggregates, the behaviour of 


metals under combined stresses, such as those occurring in engine _ 


crank-shafts, the effects of surface-conditions on the fatigue-resistance 
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of steels, the study of corrosion-fatigue, and the behaviour of welded 
joints under repetitions of load. Another important branch of the 
work is the examination of the mechanical properties of materials 
at high temperatures and the study of creep-phenomena; this 
work has a direct application to the design of modern plants operating 
at high temperatures and pressures. An investigation now nearing 
completion is concerned with the application of electric welding to 
steel-framed buildings and structures ; over sixty welding firms have 
collaborated in this work. Amongst the numerous other investiga- 
tions in progress, mention may be made of those into the causes of 
failure of lifting gear such as chains, hooks, shackles, etc., the 
cracking of boiler-plates in service, the design of sheet-metal panels 
for aircraft-construction, the resistance of metals to wear, and the 
design and performance of cylinders for compressed gases. 

The researches mentioned above are long-term researches financed 
mainly from Government funds, but, in addition, special investiga- 
tions on materials are carried out for private firms and corporations. 
In this way, the machines developed and the experience gained in 
major researches become available to industry for the solution of 
specific problems. 


Wind-Pressure and Fluid Flow. 


In the section dealing with fluid flow one of the chief researches 
is an investigation of the pressures caused by the wind on structures. 
This problem is one of some complexity, but it has been simplified 
by the use of scale models in a steady wind in a wind-tunnel. The 
pressure-distribution on the models can be measured with con- 
siderable accuracy for any known wind-speed and direction, and the 
work now in progress aims at determining whether the conditions 
in practice agree with the results on models. Experiments are also 
being made to determine to what extent the wind-pressures on a 
building are modified by the proximity of other buildings, and another 
research just completed was made to determine whether there is 
any substantial lateral variation in wind-pressure over a very wide 
structure. The results of these researches will form reliable data 
from which to design structures exposed to wind-pressure. 

The air-injector and pneumatic conveyor are being investigated 
to obtain data for use in the design of industrial applications of these 
principles, and standard nozzles used for measuring fluid flow are 
being tested to determine the limiting conditions under which these 
can be used with sufficient accuracy for commercial purposes. A 
research is also in progress into the laws of fluid friction and heat- 


_ transmission in pipe-flow, the tests including pipes with rough and 


smooth surfaces and various types of fluids. 
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Lubrication. 


Extensive researches are in progress on the subject of lubrication. 
The principal machine designed for this work has a 2-inch journal- 
bearing, which can be loaded to high pressures and artificially 
heated so as to produce seizing-conditions, and the effects of speed, 
load and clearance on the friction-coefficients and the seizing- 
temperature are being investigated using various grades of oil; 
measurement is also being made of the aspect-angle and eccentricity 
of the bearing under all conditions for comparison with theoretical 
analyses, and the pressure-distribution in a fully lubricated bearing 
is being determined. The characteristics of “ boundary ” lubrication, 
of importance in rocking shafts, pistons, etc., are being investigated 
by means of a special rocking-shaft machine. The effect on the 
seizing-temperatures when small percentages of water are present 
in oil, the lubricating value of synthetic oils and the suitability of 
certain types of bearings for water-lubrication are also being 
examined. 


Work on behalf of the Road Research Board. 


Work is in progress on behalf of the Road Research Board to 
determine the effect of wheel-impact on roads, and for this purpose 
a six-wheeled self-propelled vehicle has been fitted with specially. 
designed recording apparatus which measures the impact-forces 
occurring when the vehicle travels over rough roads; with this 
machine the effects of load, shock-absorbers, type of tyre and tyre- 
pressure are being separately investigated. 


General. 


A machine has been designed for testing driving-belts under 
working conditions, and an investigation is being carried out with 
this machine with a view to determining the most suitable form of 
test for the comparison of various qualities of belting. Apparatus. — 
has also been designed for measuring vibrations and periodical 
measurements are being made of certain buildings where it is 
considered that vibration set up by traffic may become dangerous. — 
In addition to the special apparatus used in this research, the 
Department is equipped with a wide range of standard testing 
- equipment and has carried out a considerable amount of test-work 
on instruments such as pressure-gauges and. flow-meters, and on 
steam-pipe lagging, brake-linings, fans and power-transmission 
systems. 

Limitations of space only allow of the briefest of comments 
regarding the other Departments of the Laboratory. In the Aero- - — 
dynamics Department important progress has been made both in 
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the study of fundamental questions concerning the motion of fluids 
over surfaces, and in the elucidation of practical problems in con- 
nection with aircraft, as, for example, performance, stability and 
control, airscrew-design, spinning and flutter, and work on airships. 
The William Froude Laboratory, in the 25 years of its existence, has 
made many important contributions to practical ship-construction, 
which have together effected an increase in ship-efficiency of some 
20 per cent. Among the results of the work of this Laboratory 
which have been adopted in the industry are the introduction of the 
cruiser stern on mercantile vessels, the use of “aerofoil” types of 
marine propellers, and the fitting of a central fin on single-screw 
ships to control inflow into the propeller. 

The work of the Metrology Department, which is responsible for 
the standards of length, mass and time, is also of great value to the 
engineer. To the high precision reached in the methods of gauge- 
measurement is due in no small degree the high dimensional accuracy 
now attained in mass production in this country. Whereas the 
mechanical industries before 1914 rarely attained a precision in 
manufacture of one-thousandth of an inch, an accuracy of one-ten- 
thousandth, or even one-hundred-thousandth is common at the 
present time. In passing it may be mentioned that the Laboratory 
is also responsible for many other national standards, e.g. the 
electrical standards, the temperature scale, photometric standards, 
the radium standard and the unit of X-ray quantity. 

The Metallurgy Department of the Laboratory has played a 


-- considerable part in the development of the science of physical 


metallurgy. One instance may be chosen. The work on the light 
alloys of aluminium carried out over a period of years may be said 
to have formed the scientific basis of the light alloys industry of the 
country. In the Electricity Department valuable work on transient 
electrical phenomena is being carried out by means of the high- 
voltage plant installed in 1928. This plant is also in regular use for 


testing insulators in connection with the electricity grid. The 


Physics Department again has many points of contact with the work 
of the engineer. Large numbers of acoustic and _heat-trans- 
mission tests on building materials are undertaken and the extensive 
researches into the acoustical properties of buildings, and particularly. 
of floors and walls, may be referred to. Part of this work is being 


 earried out for the Ministry of Health in connection with slum- 


clearance schemes. Important work on refrigeration has been 


carried out for the Food Investigation Board during the last decade. 
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One more department—perhaps only of indirect interest to the 
constructional engineer—remains to be mentioned. The Radio 
Department of the Laboratory carries out for the Radio Research 


— 
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Board of the Department of Scientific and Industrial Research a 
programme of research on radio-communication and on the structure 
and properties of the ionosphere. 

Rendering assistance to industry is one of the primary functions 
of the Laboratory. As has already been indicated, this is achieved 
in diverse ways. The Laboratory is able to undertake research on 
behalf of industrial bodies on problems which fall within its purview. 
The exceptional research facilities of the Laboratory are thus directly 
at the disposal of British industry ; the work is carried out on a 
time basis, and the fees charged are merely such as to cover the cost 
of the work. Next may be mentioned the tests of almost all types 
of instruments carried out by the Laboratory, ranging from thermo- 
meters and pressure-gauges to leading screws for lathes. Finally 
the engineer benefits by the published results of the large volume of 
research carried out at the Laboratory by means of Government 
funds. These are extensively summarized in the Annual Reports 
published by H.M. Stationery Office. They are also reported in the 
papers presented from the Laboratory to the various scientific and 
technical institutions of the country. About 100 such papers are 
published annually, and to enable professional and technical men 
to keep themselves informed of this work, monthly lists are issued 
giving the titles, authors and locations of the papers published during 
the month under review. These lists will be forwarded regularly 
to engineers or industrial firms who make application for them. 


THE WORK OF THE WATER POLLUTION RESEARCH 
BOARD. 


The Water Pollution Research Board, to whose work reference ~ 
was made by Mr. John D. Watson in his recent Presidential Address _ 
to The Institution, was appointed in 1927 by the Department of 
Scientific and Industrial Research to submit schemes for research in 
connection with the prevention of the pollution of rivers and other 
sources of water-supply by industrial effluents and sewage and with 
any relevant matters affecting the purity of water-supplies, and to_ 
supervise approved investigations. These terms of reference cover 
almost all questions relating to the purity of water-supplies for — 
domestic, agricultural and industrial purposes, the treatment and 
disposal of sewage and trade-effluents, and various aspects of river- 
pollution. 

Since its appointment, the Board has initiated a number of 
investigations in connection with the treatment and disposal of © 


1 Journal Inst, C.E., vol. 1 (1935-36), p. 15. (November, 1935.) 
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‘waste waters from beet-sugar factories and of effluents from dairies 
and milk-products factories, the base-exchange process of water- 
softening, the causes of the corrosive action of certain waters on 
mains and services (including the contamination of water by lead) 
and bacteriological and physico-chemical problems associated with 
processes of purification of sewage. In addition, a comprehensive 
chemical, biological and hydrographical survey of the river Tees, 
which occupied a period of about four years, has been completed, 
and an investigation is in progress on the estuary of the river Mersey 
with the object of determining the effects of the discharges of crude 
sewage on the nature and amount of the silt and other solid matter 
deposited in the estuary. All these investigations and the results 
obtained. are briefly described in the published annual reports of the 
Board, whilst as each investigation reaches a suitable stage, the 
results are given in detail in official Water Pollution Research 
Technical Papers or are published in communications to appro- 
priate scientific and technical journals. References to these more 
detailed statements are given at the end of each annual report of 
the Board. 

In addition to carrying out investigations on various problems 
within the Board’s terms of reference, tae research staff assists 
many organizations and individuals by directing attention to 
appropriate scientific and technical literature and by indicating the 
most promising methods of attacking the problems to be solved. 
In this connection, informative summaries of current scientific and 


technical literature, both British and foreign, relating to water- 


supplies, sewage, trade-waste waters, river-pollution and kindred 
subjects are systematically prepared by the research staff and are 


4 published monthly. 


The scope of the investigations completed and in progress can 
perhaps best be indicated by brief references to a few typical 
examples. As a first step in the work on the base-exchange or 
zeolite process of water-softening, the literature on the subject was 
surveyed and a summary of existing knowledge of the process was 
published as a technical paper. Representative commercial base- 
exchange materials were then examined in experiments planned to 
determine the influence of various factors on their efficiencies as 
water-softening agents. The factors studied have included the 
nature and concentration of the calcium, magnesium and other 
salts in solution in the water to be softened, the temperature, reaction 

_ or pH value, rate of treatment of the water, and methods of regenera- 
tion of the materials with brine. It has been found that traces of 


poisonous metals such as lead, copper, zinc and tin can be removed 
_ from water by means of base-exchange zeolites. Base-exchange 
i 
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minerals in use in this country are all imported, mainly from foreign. - 
countries, but as a result of the investigation initiated by the Water 
Pollution Research Board, methods have been devised for the pre- _ 
paration of equally good materials from British clays. It has also — 
been discovered that certain synthetic resins can be efficiently useds 
for softening water and for removing salts. 

In the work on methods of treatment and disposal of waste waters — 
from beet-sugar factories, experiments in the laboratory were followed — 
up by experiments on a large scale in a plant specially designed and 
erected for the purpose at a factory. This investigation, which was — 
carried out with the technical and financial co-operation of the — 
industry, has definitely shown that the wastes, after simple pre- — 
liminary treatment, can be re-used in the factory processes. Any — 
surplus polluting waste-waters can be efficiently purified by biological ~ 
oxidation in percolating-filters. Basic data have also been obtained 
from which the purification-plant for factories can be economically — 
constructed and operated. 

Experiments in the laboratory on methods of treatment and 
disposal of effluents from dairies and milk-products factories have — 
been followed up by experiments on a large scale on plant erected 
at a factory. This investigation, which is still proceeding, will be a 
carried to the stage of providing the data required for the con- 
struction and operation of efficient purification-plants, part of the — 
cost of this work being borne by the industry. 

The work in progress on sewage aims at providing information on — 

the conditions affecting the coagulation and sedimentation of the _ 
suspended and colloidal matter in sewage and on the factors — 
influencing the purification of sewage by biological or biochemical — 
processes, particularly by the activated-sludge process. 

_ These brief notes indicate the scope of the work of the Waters 
Pollution Research Board and show that it includes not only experi- 
ments in the laboratory but also on the large scale. The investiga-— 
tions are definitely providing the basic physical, chemical and 53 
biochemical data so necessary to the engineer responsible for the — 
design and operation of waterworks and sewage-disposal works, and . 
for the construction of plant for the treatment of trade-effluents — 
and the prevention of water-pollution. 3 
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NOTE. 


The Institution as a body i is not responsible either for the statements — 
made, or for the opinions expressed, in the Papers ia 


